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PREFACE. 



We may regard the Universe in the light of a vast 
physical machine, and our knowledge of it may be 
conveniently divided into two branches. 

The one of these embraces what we know regarding 
the structure of the machine itself, and the other what 
we know regarding its method of working. 

It has appeared to the author that, in a treatise like 
this, these two branches of knowledge ought as much 
as possible to be studied together, and he has therefore 
endeavoured to adopt this course in the following pages. 
He has regarded a universe composed of atoms with 
some sort of medium between them as the machine, 
and the laws of energy as the laws of working of this 
machine. 



VI PREFACE. 

The first chapter embraces what we know regarding 
atoms, and gives also a definition of Energy. The various 
forces and energies of nature are thereafter enumerated, 
and the law of Conservation is stated. Then follow the > 

various transmutations of Energy, according to a list, for 
which the author is indebted to Prof Tait. The fifth 
chapter gives a short historical sketch of the subject, 
ending with the law of Dissipation ; while the sixth and 
last chapter gives some account of the position of living 
beings in this universe of Energy. 

The Owens College , Manchester ^ 
August, 1873. 
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CHAPTER I. 

WHAT 18 ENERGY? 

Out Ignorance of Individuals, 

1. Very often we know little or nothing of individuals, 
while we yet possess a definite knowledge of the laws 
which regulate communities. 

The Registrar-General, for example, will tell us that 
the death-rate in London varies with the temperature in 
such a manner that a very low temperature is invariably 
accompanied by a very high death-rate. But if we ask 
him to select some one individual, and explain to us in 
what manner his death was caused by the low tempera- 
ture, he will, most probably, be imable to do so. 

Again, we may be quite sure that after a bad harvest 
there will be a large importation of wheat into the 
country, while, at the same time, we are quite ignorant 
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of the individual joumeya of the various particles of fioUJ 
that go to make up a loaf of bread. 
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t again, we know that there is a conatant cairisL 
of air fi-om the polus to the equator, as shown by the 
trade winds, amd yet no man is able to individualize 
a particle of this air, and describe its vaiioua motiona. 

2. Nor is our knowledge of individuala greater in the 
domains of physical science. We know nothing, or next 
to nothing, of the ultimate atructiffe and properties of 
matter, whether organic or inorganic. 

No doubt there are certain cases where a large number 
of particles are linked together, so as to act as one 
individual, and then we can predict ita action — as, for 
instance, in the solar system, where the physical astro- 
nomer is able to foretell with gi'eat exactness the posi- 
tions of the various planets, or of the moon. And so, in 
human affairs, we find a lai^ge number of individuals 
acting together as one nation, and the sagacious states- 
man taking very much the place of the spacious 
astronomer, with regai-d to the action and reaction of 
various nation.s upon one anotlier. 

But if we ask the astronomer or the statesman to 
select an individual particle and an individual human 
being, and predict the motions of each, we shall find that 
both will be completely at fault. 

3. Nor have we far to look for the cause of their igno- 
rance. A continuous and restless, nay, a very complicated, 
activity is the order of natui'e throughout all her indi- 
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WHAT IS ENERGY? 3 

iduals, whether these be living beings or inanimate 
particles of matter. Existence is, in truth, one continued 
fight, and a great battle is always and everywhere raging, 
although the field in which it is fought ia often com- 
pletely shrouded from our view. 

4. Nevertheless, although we cannot trace the motions 
of individuals, we may aomutimcs tell the result of the 
fight, and even predict how the day wUl go, aa well as 
specify tlie causes that contribute to bring about the 
iasue. 

With great freedom of action and much complication 
of motion in the individual, there are yet ctjmparatively 
simple laws regulating the joint result attainable by the 
community. 

But, before proceeding to these, it may not be out 
of place to take a very brief survey of the organic and 
inoi^nic worlds, in order that our readers, as well an 
ourselves, may realize our common ignorance of the 
Tiltimate structure and properties of matter. 

5. Let U8 begin by referring to the causes which bring 
about disease. It ia only very recently tliat we liave be- 
gun to suspect a large number of our diseases to be caused 
by organic germs. Now, assuming that we are right in 
this, it must nevertheless be confessed that our ignorance 
about these germs is moat complete. It is perhaps 
doubtful whether we ever saw one of these organisms,* 

is said that there arc tms or two infitanoea nht^re tbe microBoofle 
ilarged them into fisibilitj. 
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while it ia certain that we are in profound ignorance a 
their properties and Lahits. 

We are told by some writers" that the very air we 
breathe is aheoiutely teeming with germs, and that we 
are surrounded on all sides by an innumerable array of 
minute organic beings. It has also been coujectui 
that they arc at incessant warfare among themselves, a 
that we form the spoil of the stronger party. Be this i 
it may, we are at any rate intimately bound up wit4 
and. so to speak, at the mercy of, a world of creatiu 
of which we know as little as of the inhabitants of t 
planet Mars. 

6. Yet, even here, with profound ignorance of t 
individual, we are not altogether unacquainted with aom 
of the habits of these powerful predatory communitiSa 
Thus we know that cholera is eminently a low levcj 
disease, and that during its ravages we ought to ] 
particular attention to the water we drink. This i 
general law of cholera, which is of the more import 
to us because we cannot study the habits of the i 
dividual organisms that cause the disease. 

Could we but see these, and experiment upon them, we 
should soon acquire a much more extensive knowledge of 
their habite, and perhaps find out the means of extirpat- 
ing the disease, and of preventing its recurrence. 

Again, we know (thanks to Jenner) that vaccinatia 
will prevent the ravages of small-pox, but in tlii; 

" See Dr. Angus Smith on Air and Baiu. 
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tance we are no better off than a band of captives who 

! found out iu what manner to mutilate tbemselvee, 

r BO as to render them uninteresting to their victorious foe. 

7- But if our knowledge of the nature and habits of 

organized molecules be so small, our knowledge of the 

^iiltimate molecules of inorganic matter is, if possible, atill 

^Bpmaller. It is only very recently that the leading men 

^H^ science have come to consider their very existence as a 

^Buttled point. 

^H In order to realize what is meant by an inorganic 

^nnolecide, let us take some sand and grind it into smaller 

and smaller particles, and these again into still smaller. 

In point of fact wo shall never reach the superlative 

degree of smallness by tliis operation- — yet in our imagi- 

P nation we may suppose the sub-division to be carried on 
continuously, always making the particles smaller and 
smaller. In this case we should, at last, come to an 
ultimate molecule of sand or oxide of silicon, or, in other 
I words, we should arrive at the smallest entity retaining 
I the properties of sand, so that were it possible to 
iUvide the moleeulo further the only result would be to 
teparate it into its chemical constituents, consisting of 
Jicon on the one side and oxygen on the other. 
We have, in truth, much reason to believe that sand, 
any other substance, is incapable of infinite sub- 
iivision, and that all we can do in grinding down a 
lolid lump of anything is to reduce it into lumps similar 
) the original, but only less in size, each of these small 
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lumps containing probably a great number of individual'B 
molecules. 

8. Kow, a drop of water no leas than a grain of sand L 
built up of a veiy great number of molecules, attached to 
one another by the force of cohesion— a force which is 
much stronger in the sand than in the water, but which 
nevertheless esiste in both. And, moreover, Sir William 
Thomson, the distinguished physicist, has recently ar- 
rived at the following conclusion with regard to the size J 
of the molecules of water. He imagines a single drop of I 
water to be magnified until it becomes aa large as the J 
earth, having a diameter of 8000 miles, and all the mole- 
cules to be magnified in the same proportion; and hel 
then concludes that a single molecule will appear, under J 
these circumstances, as somewhat larger than a shot, and I 
somewhat smaller than a cricket ball 

9. Whatever be the value of this conclusion, it enables I 
us to realize the exceedingly small size of the individual 'I 
molecules of matter, and renders it quite certain that weJ 
shall never, by means of the most powerful microscopG,! 
succeed in making visible these ultimate moleculea Fori 
our knowledge of the sizes, shapes, and properties of such I 
bodies we must always, therefore, be indebted to indirecli I 
evidence of a very complicated nature. 

It thus appears that we know little or nothing about 1 
the shape or size of molecules, or about the forces whichj 
actuate them ; and, moreover, the very largest masses ofl 
the universe share with the verj- smallest this property^ 
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of being beyond the direct scrutiny of the human Benses 
— ^the one set because they are ao far away, and the other 
beeauae they are so amali 

10. Again, these moleeulea arc not at rest, but, on the 
■contrary, they display an intense and ceaseless energy in 
their motions. There is, indeed, an uninterrupted warfare 
going on— a eonatant clashing together of these minute 
bodies, which are continually maimed, and yet always 
recover themselves, until, perhaps, some blow is stniek 
sufficiently powerful to dissever the two or more simple 
atoms that go to form a compound molecule. A new 
:Btate of things thenceforward is the result. 

But a simple elementary atom is truly an immortal 
\heiag, and enjoys the privilege of remaining unaltered 
[and essentially unaffected amid the moat powerful blows 
,t can be dealt against it — it is probably in a state of 
Eeeaseless activity and change of form, but it is neverthe- 
rless always the same. 

H, Now, a little reflection will convince ua that we 

have in this ceaseless activity another barrier to an in- 

.timatc ac<juaintance with molecules and atoms, for even 

we could see them, they would not remain at rest 

lofficiently long to enable ua to scrutinize them. 

No doubt there are devices by moans of which we can 

ider visible, for instance, the pattern of a quickly 

ivoiving coloured disc, for we may Uluminate it by a 

iBash of electricity, and the disc may be aupposed to be 

!atationary during the extremely short time of the flash. 
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But we cannot say the same about molecules and atomSj 
for, could we see an atom, and could we illuminate it by a 
flash of electricity, the atom woidd most probably have 
vibrated many times during the exceedingly small time 
of the flash. In fine, the limits placed upon om- Bensea, 
with respect to space and time, equally preclude the 
possibility of our ever becoming directly acquainted with 
these exceedingly minute bodies, which are nevertheless 
the raw materials of which the whole universe is built. 

Action and ReacHorij Equcd and Opposite. 

12. But while an impenetrable veil is drawn over the 
individual in this w^arfare of clashing atoms, yet we 
are not left in profound ignorance of the laws which i 
determine the ultimate result of all these motions, taken \ 

together as a whole. 

In a Vessel of Goldfish. 

Let us suppose, for instance, that we have a glass globe | 
containing numerous goldfish standing on the table, and I 
delicately poised on wheels, so that the slightest push, the J 
one way or the other, would make it move. These gold-f 
fish are in active and irregular motion, and he would httM 
a \'ery bold man who should venture to predict tho move- 
ments of an individual fish. But of one thing we may 
he quite certain : we may rest assured that, notwith- 
standing all the iiTegular motions of its living inhabitants. 
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Ptlie globe containing the goldfish will remain at rest 
I t>poD its wheela. 

Even if the table were a lake of ice, and tbe wheels 
I were extremoly delicate, we should find that the globe 
I would remain at rest. Indeed, we should be exceedingly 
I surprised if we found the globe going away of its own 
I accord from the one side of the table to the other, or from 
I the one side of a sheet of ice to the other, in consequence 
I of the internal motions of its inhabitants. Whatever be 
I the motions of these individual units, yet we feel sure 
I that the globe cannot move itself (ts a wltole. In such a 
1 system, therefore, and, indeed, in every system left to 
■.itself, there may be strong internal forces acting between 
I the various parts, but these actioTis and reactions are 
I equal and opposite, so that while the small parts, whether 
I visible or invisible, are in violent commotion among them- 
elves, yet the system as a whole wilt remain at rest 

In a Rifle. 

13. Now, it is quite a legitimate step to paas from this 
I instance of the goldfish to that of a rifle that has just 
I been fired. In the former case we imagined the globe, 
I together with its fishes, to form one system ; and in the 
!■ latter we must look upon the rifle, with its powder and 
I ball, as forming one system also. 

Let us suppose that tho explosion takes place through 
I the application of a spark Although this spark is an 
I external agent, yet if we reflect a little we shall see that 
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its only office in this case is to summon up the internal 
forces ah^ady existing in the loaded rifle, and bring them 
into vigoroua action, and that in virtue of these internal 
forces the explosion takes place. 

The most prominent result of thia explosion is the 
rush of the rifle ball with a velocity that may, perhaps, 
carry it for the best part of a mile tefore it comes to 
rest ; and here it would seem to us, at first sight, that the 
law of equal action and reaction is certainly broken, forj 
these internal forces present in the rifle have at least pi 
pelled part of the system, namely, the rifle ball, with 
moat enormous velocity in one direction. 

H. But a little further reflection will bring to lighi 
another phenomenon besides the out-rush of the bs 
It is well known to all sportsmen that when a fowlL 
piece is discharged, there is a kick or recoil of the pit 
itself against the shoulder of the sportsman, which he 
would rather get rid of, but which we moat gladly wel- 
come as the solution of our difficulty. In plain terms 
while the ball is projected forwards, the rifle stock 
free to move) is at the same moment projected backwards. 
To fix our ideas, let us suppose that the rifle stock weigl 
100 ounces, and the ball one ounce, and that the ball 
projected forwards with the velocity of 1000 feet 
second ; then it is asserted, by the law of action and re- 
action, that the rifle stock is at the same time projected 
l>ackwards with the velocity of 10 feet per second, so 
that the mass of the stock, multiplied by its velocity 
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recoil, shall precisely equal the masa of the ball, multiplied 
by ita velocity of projection. The one product forme a 
measure of the action in the one direction, and the other 
of the reaction in the opposite direction, and thus we 
see that in the case of a rifle, as well as in that of the 

I globe of fish, action and reaction are equal and opposite. 
, III a, Falli'ng Stone. 

I 15. We may even extend the law to caaea in which wo 
po not perceive the recoil or reaction at all. Thus, if I 
drop a stone from the top of a precipice to the earth, the 
motion seems all to be in one direction, while at the 
same time it is in truth the result of a mutual attraction 
between the earth and the stone. Does not the earth 
move also ? We cannot see it move, but we are entitled 
to assert that it does in reality move upwards to meet 
the stone, although quite to an imperceptible extent, 
and that the law of action and reaction holds here aa 
truly as in a rifle, the only diflerence being that in 
the one case the two objects are rushing together, while 
in the other they are rushing apart. Inasmuch, how- 
ever, as the maaa of the earth ia very great compared 
with that of the atone, it follows that ita velocity must be 
extremely small, in order that the masa of the earth, 
multiplied into its velocity upwards, shall equal the mass 
of the stone, multiplied into its velocity downwards 

16. We have thug, in spite of our ignorance of the 
oltimate atoms and molecules of matter, aiTived at a 
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general law wliich regulates the action of internal forcea 
We see that these forces are always mutually exerted, and 
that if A attracts or repels B, B in its turn attracts or 
repels A We have here, in fact, a very good instance of 
that kind of generalization, which we may anive at, even 
in spite of our ignorance of individuals. 

But having now arrived at this law of action and 
reaction, do we know all that it is deau'ahlo to know ? 
have we got a complete understanding of what takes 
place in all such cases — for^ instance, in that of the rifle 
which is just discharged ? Let us consider this point a 
little further. 

Tht Rifle furtJier considered. 
17. We define quantity of motion to mean the product 
of the mass by the velocity ; and since tlie velocity of 
recoil of the rifle stock, multiplied by the mass of the 
stock, is equal to the velocity of projection of the rifle 
ball, multiplied by the mass of the ball, we conceive 
ourselves entitled to say that the quantity of motion, or 
momentum, generated is equal in both du'ections, so that 
the law of action and reaction holds liere also. Never- 
theless, it cannot but occur to us that, in s&me sense, the 
motion of the rifle ball is a very different thing from that 
of the stock, for it is one thing to allow the stock to 
recoil against your shoulder and discharge the ball into 
the air, and a very ditforeiit thing to discharge the ball 
a'^inst your shoulder and allow the stock to fly into 
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And if any man should assert the ahsolute equality 

ween the blow of the rifle stock and that of the rifle 

Jl, you might request him to put hia assertion to this 

^ical teat, with the absolute certainty that he would 

jcline. Equality between the two ! — Impossible ! Why, 

t this were the case, a company of soldiers engaged in 

■ would suffer much more than the enemy against 
^om they flred, for the soldiers would certainly feel 

I recoil, white the enemy would suffer from only a 
lall proportion of the buUeta. 

The Rifle Ball posseeees Energy. 
I 18. Now, what ia the meaning of this great difference 
rtween the two ? We have a vivid perceptitm of a 
ighty difference, and it only remains for us to clothe 

■ naked impressions in a properly fitting scientific 
irb. 

I The somethivg which the 'rifla hall 'poasesnes in contra- 

tsti/ncHon to the rifle stock ia clearly the povier of 

ving resistance. It can penetrate through oak 

)od or through water, or (alas ! that it should be so 

ben tried) through the human body, and this power 

f penetration is the distinguishing characteristic of a 

■bstance moving with very great velocity. 

1 19. Let us define by the term energy this power which 

B rifle boll possesses of overcoming obstacles or of doing 

jrk. Of course we use the word work without refer- 

i to the moral character of the thing done^ and con- 
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ceive ourselves entitled to sum up, with perfect propriety 
and innocence, the amotint of work done in drilling a 
hole through a deal board or through a man. 

20. A body such as a rifle ball, moving with very great 
velocity, haa, therefore, energy, and it requires very little 
consideration to perceive that this energy will he pro- 
portional to its weight or mam, for a ball of two ounces 
moving with the velocity of 1000 feet per second will be 
the same as two balls of one ounce moving with this 
velocity, hut the energy of two similarly moving ounce 
balla will manifestly be double that of one, so that the 
energy is proportional to the weight, if we imagine that, 
meanwhile, the velocity remains the same. 

21. But, on the other hand, the energy is not simply 
proportional to the velocity, for, if it were, the energy of 
the rifle stock and of the rifle ball would be the same, 
inasmuch as the rifle stock would gain as much by its 
superior mass a^ it would lose by its inferior velocity. 
Therefore, the energy of a moving body increases with the 
velocity more quickly than a simple proportion, so that 
if the velocity be doubled, the energy is more than 
doubled. Now, in what maimer does the energy increase 
with the velocity ? That is the question we have now to 
answer, and in doing so we must appeal to the fan 
facta of everyday observation and experience. 

22. In the first place, it is well known to artillerj 
that if a ball have a double velocity, its penetrati^ 
power or eneigy is increased nearly fourfold, so that it 
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Irill pierce througk four, or nearly four, times as many 
neal boards aa the ball with only a single velocity— in 
rather words, they will teU uSj in mathematical language, 
lat the energy varies as the square of the velocity. 

Definition of Work 
23. And now, before proceeding further, it will be 
neceaaaiy to tell our readers how to measure work in a 
strictly scientific manner. We have defined energy to be 
the power of doing work ; and although every one has a 
^^ general notion of what ia meant by work, that notion 
^^binay not be sufficiently precise for the purpose of this 
^^Fvolmna How, then, are we to measure work ? For- 
^H fcunately, we have not far to go for a practical means of 
^V doing this. Indeed, there is a force at hand which enables 
^f as to accomplish this measurement with the greatest pre- 
cision, and this force is gravity. Now, the first operation 
in any kind of numerical estimate is to fix upon our unit 
^^ or standard. Thus we say a rod is so many inches long, 
^B' or a road so many miles long. Here an inch and a mile 
^H are chosen as our standards. In like manner, we speak of 
BO many seconds, or minutes, or hours, or days, or yeai-s, 
choosing that standard of time or duration which is most 
convenient for our purpose. So in like manner we must 
choose our unit of work, but in order to do so we must 
L first of all choose our units of weight and of length, and 
I for these we will take the hUogramTue and the jnetre, 
I. these being the units of the metrical system. The kilo- 
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gramme con-esponds to about 15,432 '35 Engliah grains, 
being rather more than two pounds avoirdupois, and the 
metre to about 39 ■371 English inches. 

Now, if we raise a kilogramme weight one metre in 
vertical height, we are conscious of putting forth an 
effort to do so, and of being resisted in the act by the 
force of gravity. In other words, we spend energy and 
do work in the process of raising this weight. 

Let us agree to consider the energy spent, or the work 
done, in thia operation as one unit of work, and let ns call 
it the kilogrammetre. 

24. In the next place, it is very obvious that if we raise 
the kilogramme two metres in height, we do two units 
work — if three metres, three units, and so on. 

And again, it is equally obvious that if we raise 
weight of two kilogrammes one metre high, we like' 
do two units of work, while if we raise it two metres 
we do four units, and so on. 

From these examples we are entitled to derive 
following rule : — Multiply the weight raised {in Idlo- 
gram/mes) by the vertical height (in metres) tkrovgli which 
if ia raised, avd Hie result will be the work done (i* 
kHogramjnetres). 

Relation between Velocity and Energy. 

25. Having thus laid a numerical foundation for i 
superstructure, let us next proceed to investigate the p 
tion between velocity and energy. But first let us say^ 
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rw words about velocity. This is one of the few cases in 
which everyday experience will aid, rather than hinder, 
us in our scientific conception. Indeed, we have con- 
stantly before us the example of bodies moving with 
variable velocities. 

Thus a railway train ia approaching a station and is 
[jjuat beginning to slacken its pace. When we begin to 
[observe, it is moving at the rate of forty mUea an 
hour. A minute afterwards it is moving at the rate 
of twenty miles only, and a minute after that it ia at 
rest. For no two consecutive moments has this train 
continued to move at the same rate, and yet we may 
say, with perfect propriety, that at such a moment 
tiie train was moving, say, at the rate of thirty miles 
hour. We mean, of course, that had it continued to 
lOve for an hour witli the speed which it had when 
we made the observation, it would have gone ovtr 
thirty milea. We know that, as a matter of fact, it did 
not move for two seccnds at that rate, but tliis ia of no 
Conaequence, and hardly at all interferes witli oiu- mental 
ip of the problem, so accustomed are we all to cases 
variable velocity. 

26. Let us now imagine a kilogramme weight to be 
[t^ot vertically upwards, with a certain initial velocity — 
with the velocity of 9 " 8 metres in one second, 
■ravity will, of course, act against the weight, and 
mtinually diminish its upward speed, just as in the 
ilway train the break was constantly reducing the 
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velocity. But yet it ia very easy to see what is meant 
by an initial velocity of 9 ' 8 metres per second ; it means 
that if gravity did not interfere, and if the air did not 
resist, and, in fine, if no external influence of any kind 
were allowed to act upon the ascending mass, it would be 
found to move over 9 ■ 8 metres in one second. 

Now, it is well known to those who have studied the 
laws of motion, that a body, shot upwards with the 
velocity of 9 ■ 8 metres in one second, will be brought 
to rest when it has risen 4 ■ !) metres in height. If, there- 
fore, it be a kilogramme, its upward velocity will have 
enabled it to raise itself 4 ■ 9 metres in height against the 
force of gravity, or, in other words, it will have done 4 ■ 9 
units of work ; and we may imagine it, when at the top of 
its ascent, and just about to turn, caught in the hand and 
lodged on the top of a house, instead of being allowed to 
fall again to the ground. We are, therefore, entitled to 
aay that a kilogramme, shot upwards with the velocity 
of 9 ■ 8 metres per second, has energy equal to 4 ■ 9, inas- 
much aa it can raise itself 4 ■ 9 metres in height, 

27. Let us next suppose that the velocity with which 
the kilogramme ia shot upwards is that of 19 '6 metres 
per second. It is known to all who have studied dy- 
namics that the kilogramme will now mount not only 
twice, but four times aa high as it did in the last in- 
stance — in other words, it will now mount 19 " 6 metres 
in height. 

Evidently, then, in accordance with our principles of 
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I measurement, the kilogramme has now four timeB a8 . 
mueh energy as it had in the last inBtance, because it 

[ can raise itself four times aa high, and therefore do four 
times as much work, and thus we see that the energy is 
increased four times by doubling the velocity. 

Had the initial velocity been three times that of the 
first instance, or 29 ■ 4 metres per second, it might in like 
maimer be shown tliat the height attained would have 

■ been 44 ■ 1 metres, so that by tripling the velocity the 
■energy is increased nine times. 

I 28, We thus see that whether we measure the energy 
Kof a moving body by the thickness of the planks through 
■■which it can pierce its way, or by the height to which it 
I can raise itself against gravity, the result arrived at is 
tthe same. We find ike energy to he proportional to 
mthe sqitare of the velocity, and we may formularize 
I our conclusion as follows :— 
I Let V =^ the initial velocity expressed in metres per 

I eecond, then the energy in kilogrammetres — - ^ - . Of 

I course, if the body shot upwards weighs two kilogrammes, 

■ then everything is doubled, if three kilogrammes, tripled, 
I and eo on ; so that finally, if we denote by m the mass of 
I the body in kilogrammes, we shall have the energy in kilo- 

I grammetres = .^ . To test the truth of this formula, 

P we have only to apply it to the cases described in Arts. 
[ 26 and 27. 
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29. We may further illustrate it by one or 
examplea. For instance, let it be required te find the 
energy contained in a mass of five kilogrammes, shot 
wards with the velocity of 20 metres per second 

Here we have 7>i. = 5 and v = 20, hence — 
5 (SO)' _ 2000 
' 19 6 ~19-6 
Again, let it be required to find the height to which 
mass of the last question will ascend before it stops. We 
know that its energy is 102 ■ 04, and that its mass is 5. 
Dividing 102 ■ 04 by 5, we obtain 20 ■ 408 as the lieight 
to which this mass of five kilogrammes must ascend 
order to do work equal to 102 ■ 04 kilogramme tres. 

30. In what we have said we have taken no account 
either of the resistance or of the buoyancy of the atmo- 
sphere ; in fact, we have supposed the experiments to be 
made in vacuo, or, if not in vacuo, made by means of a 
heavy mass, like lead, which will be very little influenced 
either by the resistance or buoyancy of tht 

We must not, however, forget that if a sheet of pa] 
or a feather, be shot upwards with the velocities men^ 
tioned in our text, they will certainly not rise in the air 
to nearly the height recorded, but will be much sooner 
brought to a stop by the very great resistance which they 
encounter from the air, on account of their gi-eat surface, 
combined with their small mass. 

On the other hand, if the substance we make use of be 
a large light bag tilled with hydrogen, it will find ita v 
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■ Upwards without any effort on our part, and we ahall cer- 
tainly be doing no work by carrying it one or more 
metres in height — it will, in reality, help to pull us up, 
instead of requiring help from us to cause it to ascend. I 
In fine, what we have aaid ia meant to refer to the force of ' 

' gravity alone, without taking into account a reaiating 
medium such aa the atmosphere, the existence of which i 
need not be considered in our present calculationa. 

31. It should likewise be remembered, tliat while the 
energy of a moving body depends upon its velocity, it is 
independent of the direction in which the body ia 
moving. We have supposed the body to be shot up- 
wards with a given velocity, but it might be shot hori- 
zontally with the same velocity, when it would bave 
precisely the same energy as before. A cannon ball, if 
fired vertically upwards, may either be made to spend 
its energy in raising itself, or in piercing through a 
series of deal boards. Now, if the same ball be fired 
horizontally with the same velocity it will pierce through 
the same number of deal boards. 

In fine, direction of motion is of no consequence, and , 
the only reason why we have chosen vertical motion is 
that, in this case, there is always the force of gravity | 
steadily and constantly opposing the motion of the body, 
and enabling ua to obtain an accurate meaaure of the 1 
work which it does by piercing its way upwards against I 
this force. 

32. But gravity is not the only force, and we might j 
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meaaure the enei^ of a moving body by the extent to 
which it would bend a powerful spring or resist the at- 
traction of a powerful magnet, or, in fine, we might make 
use of the force which beat suits our purpose. If this 
force be a constant one, we must measure the energy of 
the moving body by the space which it is able to traverse | 
against the action of the force — ^jtiat as, in tho case ( 
gravity, we measured the energy of the body by the spacSa 
through which it was able to raise itself against its o 
weight. 

33. We must, of course, bear in mind that if this fore 
be more powerful than gravity, a body moved a ahoi 
distance against it will represent the expenditure of asl 
much energy as if it were moved a greater distance 
against gravity. In fine, we must take account botlt| 
of the strength of the force and of the distance movet 
over by the body against it before we can estimate in a 
accurate matter the work which has been done. 
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CHAPTER II. 
EOHANIGAL ENERGY AND ITS CHANGE INTO HEATr 

Energy of Position. A Stone high up. 
34. In the last chapter it was shown what is meant 
K»y energy, and how it depends upon the velocity of 
moving body ; and now let us state that this 
pame energy or power of doing work may neverthe- 
be posaesaed by a body absolutely at rest. It 
I be remembered (Art. 26) that in one case where 
I, kilogramme was shot vertically upwards, we supposed 
t to be caught at the summit of its flight and lodged on 
ihe top of a house. Here, then, it rests without motion. 
J)iit yet not without the power of doing work, and hence 
■not without energy. For we know very well that if we 
let it fell it will strike the ground with as much velocity, 
and, therefore, with as much eneigy, as it had when it 
was originally projected upwards. Or we may, if we 
ihoose, make use of its energy to assist us in driving in a 
pile, or utilize it in a multitude of ways. 

In ite lofty position it is, therefore, not without energy, 
jBut this is of a quiet nature, and not due in the least to 
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motion. To what, then, is it due ? We reply — to the 
poejtion which the kilogramme occupies at the top of the 
house. For just as a body id motion is a very diSerent 
thing (as regards ent-rgj) from a body at rest, so is a body 
at the top of a bouse a very different thing from a body 
at the bottom. 

To illustrate this, wc may suppose that two men of 
equal activity and strength are fighting together, each 
having his pile of stones with which he is about to be- 
labour hia adversary. One man, however, has secured for 
himself and his pile an elevated position on the top of a 
house, wtdle his enemy has to remain content wiUi a 
position at the bottom. Now, under these circumstances, 
you can at once tell which of the two will gain the day 
—evidently the man on the top of the house, and yet not 
on account of his own superior enei^, but rather on 
account of the energy which he derives from the elevated 
position of his pile of stones. We thus see that there 
is a kind of energy derived from position, as well as a 
kind derived from velocity, and we shall, in future, call 
the former eneryy of position, and the latter energy of 
•notion. 

A Head of Water. 

35. In order to vary our illustration, let as sup] 
there are two mills, one with a large pond of water near 
it and at a high level, while the other has also a pond, 
but at a lower level than itself We need hardly ask 
which of the two is likely to work — clearly the one 
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ivith the pond at a low level can derive from it no advan- 
I t^e whatever, while the other may use the high level 

id, or head of water, BS this ia sometimes called, to I 
' drive its wheel, and do ita work. There is, thus, a great I 
deal of work to be got out of water high up — real sub- 
stantial work, aueli as grinding com or thrashing it, or I 
turning wood or sawing it. On the otJier hand, there is no , 
work at all to be got from a pond of water that ia low J 
down. 

A Croaa-bow bent. A WofcA vjoiindup. 
36. In both of the illustrations now given, we have I 
used the force of gravity as that foree against which we 
are to do work, and in virtue of which a stone high up, 
or a head of water, is in a position of advantage, and has 
the power of doing work as it fails to a lower leviiL But I 
there are other forces besides gi-avity, and, with respect to I 
these, bodies may be in a position of advantage and be I 
, able to do work just as truly as the stone, or the head of 1 
water, in the case before mentioned. 

Let U8 take, for instance, the force of elasticity, and j 
consider what happens in a cross-bow. When this ia I 
bent, the bolt is evidently in a position of advantage I 
with regard to the elastic force of the bow ; and when i 
it is discharged, this enei^ of position of tlie bolt ia I 
converted into energy of motion, just as, when a stone on 1 
the top of a house is allowed to fall, its energy of posi- ' 
tion is converted ijito that of aetual motion. 
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In like manner a watch wound up is in a position c 
advantage with respect to the elastic force of the main-J 
spring, and as the wheels of the watch move this ; 
gradually converted into energy of motion. 

Advantage of Position. 

37- It is, in fact, the fate of all kinds of energy od 
position to be ultimately converted into energy of motion. | 

The former may be compared to money in a bank, or 
capital, the latter to money which we are in the act of 
spending ; and just as, when we have money in a bank, we 
can draw it out whenever we want it, so, in the case <£m 
energy of position, we can make use of it whenever we ■ 
please. To see this more clearly, let us compare tc^ther 
a watermill driven by a head of water, and a windmill 
driven by the wind. In the one case we may tium on 
the water whenever it is most convenient for ua, but in 
the other we must wait until the wind happens to blow. 
The former has all the independence of a rich man ; the 
latter, all the obsequiousness of a poor one. If we pursufliT 
the analogy a step further, we shall see that the { 
capitalist, or the man who has acquired a lofty position,! 
is respected because he has the disposal of a great 1 
quantity of energy ; and that whetlier he be a nobleman ' 
or a sovereign, or a general in command, he is powerful 
only from having something which enables him to make 
use of the services of others. When the man of wealth 
pays a labouring man to work for him, he is in truth J 
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converting so much of liia enei^ of position into a 
energy, just as a miller lets out a portion of his head of 
water in order to do some work by its means. 

I. 
TransmatatioTis of Visible Evergy. — A Kilogramme 
shot upwards. 
38. We have thus endeavoured to show that there is 
I energy of repose as well as a living energy, an energy 
of position as well as of motion ; and now let ua trace 
the changes which take place in the energy of a weight, 
I shot vertically upwards, as it continues to rise. It starts 
I with a certain amount of energy of motion, but as it 
' ascends, this is by degrees changed into that of position, 
until, when it gets to the top of its flight, its enei^y is 
entirely due to position. 

To take an example, let us suppose that a kilogramme 
B projected verticaUy upwards with the velocity of 19 ■ 6 
metres in one second. According to the formula of Art 
it contains 19 '6 units of energy dne to its actual 
elocity. i 

i If we Examine it at the end of one second, we shall 

^d that it has risen 14 ' 7 metres in height, and has now 

1 velocity of 9 ■ 8, This velocity we know (Art 26) 

motes an amount of actual energy equal to 4 ■ 9, while 

T.he height reached corresponds to an energy of position 

equal to 14 ■ 7. The kilogramme has, therefore, at this 

moment a total energy of 19 ' 6, of which 14 ■ 7 units are 

[ue to position, and 4*9 to actual motion. 
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If we nest examine it at the end of another aeeon<l, we 
shall find that it has just been trouglit to rest, so that its 
energy of motion is nit; nevertheless, it has succeeded in 
raising itself 19 ' 6 metres in height, ao that its energy of 
position is 1 9 " 6. 

There is, therefore, no disappearance of energy during 
the rise of the kilogramme, but merely a gradual change 
from one kind to another. It starts with actual energy, 
and this is gradually changed into that of position ; but 
if, at any stage of its ascent, we add together the actual 
energy of the kilogramme, and that due to its position, 
we shall find Uiat their sum always remains the same. 

39. Precisely the reverse takes place when the kilo- 
gramme begins its descent. It starts on its downward 
journey with no energy of motion whatever, but with a 
certain amount of energy of position; as it falls, its 
energy of position becomes leas, and its actual energy 
greater, the sum of the two remaining constant through- 
out, until, when it is about to strike the ground, its 
energy of position has been entirely changed into that 
of actual motion, and it now approaches the ground 
with the velocity, and, therefore, with the energyj wbid 
it had when it was originally projected upwards. 



The I-nditied Plane. 
40. We have thus traced the transmutations, as regards 
enei^, of a kilogramme shot vertically upwards, and 
allowed to fall again to the earth, and we may i 
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■ our hypothesis by making the kilogramme rise 

rtically, but descend by means of a smooth inclined 

Lue without friction — imagine, in fact, the kilogramme 

to be shaped like a ball or roller, and the plane to be 

perfectly smooth. Now, it is well known to all students 

f dynamics, that in such a case the velocity which the 

ilogranmie has when it has reached the bottom of the 

islane will be equal to that which it would have had if 

1 had been dropped down vertically through the same 

leight, and thus, by introducing a smooth inclined plane 

B.' this kind, you neither gain nor lose anything as regards 

mergy. 

In the first place, you do not gain, for think what 

rould happen if the kilogi'amme, when it reached the 

wttom of the inclined plane, should have a greater 

KTelocity than you gave it originally, when you shot it up. 

pt would evidently be a profitable thing to shoot up the 

•amme vertically, and bring it down by means of 

* the plane, for you would get back more energy than you 

originally spent upon it, and in every sense you would 

be a gainer. You might, in fact, by means of appropriate 

apparatus, convert the arrangement into a perpetual 

motion machine, and go on accumulating energy without 

limit— but this is not possible. 

On the other hand, the inclined plane, unless it be 

Kiugh and angular, will not rob you of any of the energy 

f the kilogramme, but will restore to you the full amount, 

Ewhen once the bottom has been reached. Nor does it 
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matter what be the length or shape of the plane, or 
whether it be straight, or curved, or spiral, for in all 
casea, if it only be smooth and of the aajne vertical 
height, you will get the same amount of energy by causing 
the kilogramme to fall from the top to the bottom. 

41. But while the energy remains the same, the time 
of descent will vary according to the length and shape of 
the plane, for evidently the kilogramme will take a longer 
time to descend a very sloping plane than a very steep 
one. In fact, the sloping plane will take longer to gene- 
rate the requisite velocity than the steep one, but both 

will have produced the same result as regards 
^ energy, when once the kilogramme has arrived 

at the bottom. 



Fiinciions of a Machi-ne. 

42. Our readers are now beginning to per- 
ceive that energy cannot be created, and that 
by no means can we coax or cozen Dame 
Nature into giving us back more than we are 
entitled to get. To impress this fuodamental 
principle still more strongly upon our minds, 
let us consider in detail one or two mechan- 
ical contrivances, and see what they amount 
to as regards energy. 

Let lis begin with the second system of 
pnlleya Here we have a power p attached 
to the one end of a thread, which passes 
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over all the pulleys, and is ultimately attached, by its 
other extremity, to a hook in the upper or fixed block. 

_Xhe weight w is, on the other liand, attached to the 

wer or moveable block, and rises with it. Let us 

{appose that the pulleys are without weight and the 

"cords without friction, and that w is supported by six 
corda, as in the figure. Now, when there is equilibrium 
in this machine, it is well known that w will be equal 
to six times P ; that is to say, a power of one kilogramme 
will, in such a machine, balance or support a weight of 
aix kilogrammes. If p be increased a single grain more, 
I will overbalance w, and p will descend, whUe w will 
I to rise. In such a case, after p has descended, say 

Pnx metres, its weight being, say, one kilogramme, it has 

lloet a quantity of energy of position equal to six units, 
since it ia at a lower level by six metres than it was before. 
We have, in fact, expended upon our machine aix units 
of energy. Now, what return have we received for this 
expenditure ? Our, return is clearly the rise of w, and 
mechaoidans will toll us that in this case w will have 
risen one metre. 

But the weight of w is sis kilogrammes, and this 
having been raised one metre represents an energy of 
position equal to six. We have thus spent upon our 
machine, in tlie fall of p, an amount of energy equal to 
nix units, and obtained in the rise of W an equivalent 
amount equal to aix units also. We have, in truth, 

Kither gained nor lost energy, but simply changed it 
to a form more convenient for our use. 
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43. To impress this truth still more strongly, let us 
take quite a different madiinL', such as the liydrostatic 
press. Its mode of action will he 
perceived from Fig. 2. Here we 
have two cylinders, a wide and 
a narrow one, which are con- 
nected together at the bottom by 
means of a strong tube. Each of 
Fig. 2. these cylinders is provided with 

a water-tight piston, the space beneath being filled with 
water. It is therefore manifest, since the two cylinders 
are connected together, and since water is incompressible, 
that when we push down the one piston the other will be 
pushed up. Let us suppose that the area of the small pis- 
ton is one square centimetre,* and that of the large piston 
one hundred square centimetres, and let us apply a weight 
of ten kilogrammes to the smaller piston. Now, it is 
known, from the laws of hydrostatics, that every square 
centimetre of the larger piston will be pressed upwards 
with the force of ten kilogrammes, so that the piston will 
altogether mount with the force of 1000 kilogrammes — 
that is to say, it will raise a weight of this amount as it 
ascends. 

Mere, then, we have a machine in virtue of which a 
pressure of ten kilogrammes on the small piston enables 
the large piston to rise with the force of 1000 kilo- 

• That IB to iray, a sqoftro tlie nido of wldoh is one oei 
hundredth purt of a luctiti. 
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unities. But it is very easy to see that, while the 
lall piston falls one metre, the large one will only rise 
centimetre. For the quantity of water under the 
listons being always the same, if thia be pushed down 
SfHiB metre in the narrow cylinder, it will only rise one 
centimetre in tlie wide one- 
Let us now consider what we gain by this machina The 
power of ten kilogrammes applied to the smaller piston is 
made to iall through one metre, and this represents the 
amount of energy which we have expended upon our 
machine, while, as a return, we obtain 1000 kilogrammes 
through one single centimetre. Here, then, as in 
le case of the pulleys, the return of energy is precisely 
the same as the expenditure, and, provided wo ignore 
friction, we neither gain nor lose anytliing by the macliine. 
All that we do is to transmute the energy into a more 
convenient form — what we gain in power we lose in 
space ; but we are willing to sacrifice space or quickness 
of motion in order to obtain the tremendous pressure or 
which WQ get by means of the hydrostatic press, 

Prvnd^le of Virtual Vclocitiea. 
44. These illustrations will have prepared onr readers 
( perceive the true function of a machine. This was 
rst dearly defined by Galileo, who saw that in any 
!lclune, no matter of what kind, if we raise a large 
'eight by means of a small one, it will be found that the 
■small weight, multipUed into the space through which it 
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is lowered, ■will exactly equal the large weight, imiltiplied 
into that through wliieh it ie raised 

This principle, known as that of virtual velocities, 
enables us to perceive at once our true position. We see 
that the world of mochaniam la not a manufactory, in 
which energy is created, but rather a mart, into which 
we may bring energy of one kind and change or barter it 
for an equivalent of another kind, that suits us better- 
but if we come with nothing in our hand, with nothing 
we shall most assuredly return. A machine, in truth, 
does not create, but only transmutes, and this principle 
will enable us to tell, without ferther knowledge of 
mechanics, what are the conditions of equilibrium of any 
arrangement. 

For instance, let it be required to find those of a lever, 
of which the one arm is three times a^ long as the other. 
Here it is evident tliat if we overbalance the lever by a 
sinrfle grain, bo as to cause the long ann with its power to 
fall down while the short one with its weight rises up, 
then the long arm will fall three inches for every incli 
through which the short arm rises; and hence, to make up 
for this, a single kilogramme on the 
long ann will balance three kilo- 
grammes on the short one, or tho 
power will be to the weight as one 
is to three. 

45. Or, again, let us take the in- 
clined plane as represented in Fig. 3, 
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• Here we have a smooth phine and a weight held upon 
Kit by means of a power P, aa in the figure. Now, 
tif we overbalance p by a single gi-oin, we shall bring 
ft'the weight w from the bottom to the top of the plane, 
I But when this has taken place, it is evident that 
IS fallen through a vertical distance equal to the 
f length of the plane, while on the other hand w haa only 
[risen throiigh a vertical distance equal to the height 
I Hence, in oi-der that the principle of vii-tual velocities 
I BhaU hold, we must have p multiplied into its fall equal 
I to W multiplied into its rise, that is to say, 

P X Length of plane — w x Height of plane, 

or^ = ^^^S^^ 
w Length. 

What Friction does. 
46. The two examples now given are quita sufficient to 
I enable our readers to see the true function of a machine, 
I and they are now doubtless disposed to acknowledge thai 
[ no machine will give back more energy than is spent 
I upon it. It is not, however, equally clear that it will 
L not give back less; indeed, it is a well-known fact that 
' it constantly does ho. For we have supposed our 
machine to be without friction — but no machine is with- 
out friction — and the consequence is that the available 
out-come of the machine is more or less diminished by 
this drawback. Now, unless we are able to see dearly 
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what part friction reaUy plays, we cannot prove the coi 
servation of energy, We see clearly enough that enei 
cannot be created, but we are not equally sura that it 
cannot be destroyed; indeed, we may say 
apparent grounds for believing that it is destroyed- 
that is our present position. Now, if the tlieory of tl 
conservation of energy be true — that ia to say, if enei 
is in any sense indestructible — friction will prove itat 
to be, not the destroyer of energy, but merely the coi 
verter of it into some leas apparent and perhaps li 
useful form. 

47. We must, therefore, prepare ourselves to stud] 
wliat friction really does, and also to recognize 
in a form remote fi-om that possessed by a body in visible 
motion, or by a head of water. To fnction we may 
add percussion, as a process by which energy is appa- 
rently destroyed ; and as we have (Art. 39) considei 
the case of a kilogramme shot vertically upwards, 
monstrating that it wiU ultimately reach the ground' 
with aa energy equal to that with which it was shot 
upwards, we may pursue the experiment one step further, 
and ask what becomes of its energy after it has strut 
the ground and come to rest ? We may vary the quf 
tion by asking what becomes of the energy of the smith' 
biow after Lis hammer has struck the anvil, or what of 
the energy of the cannon ball aiter it has struck the 
tai'get, or what of that of the railway train after 
been stopped by friction at the break-wheel 7 All thi 
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are cases in whicli pDrcusaion or friction appears at first 
sight to have destroyed visible energy ; but before pro- i 
nouncing upon Uiis seeming destruction, it clearly be- 
hoves us to ask if anything else makes its appearance at 
the moment when the visible energy is apparently 
desti-oyed. For, after aU, energy may be like the Eastern 
magicians, of whom we read that they had the power of 
changing themselves into a variety of forma, but were 
nevertheless very careful not to disappear altogether. 

When Motion is destroyed. Heat appears. 
48. Now, in reply to the question we have put, it may 
be confidently asserted that whenever visible energy is 
apparently destroyed by perctission or friction, something 
else makes its appearance, and that something is heat. 
Thus, a piece of lead plactd upon an anvil may be greatly 
heated by successive blows of a blacksmith's hammer. 
The collision of flint and steel will produce heat, and a 
rapidly-moving cannon hall, when striking against an 

I iron target, may even be heated to redness. Again, with 
regard to fiiction, we know that on a dark night sparks 
are seen to issue from the break-wheel which is stopping 
a railway train, and we know, also, that the axles of rail- 
way can'iages get alarmingly hot, if they are not well 
Bupplled with greasa 
Finally, the schoolboy will tell ua that he is in the 
habit of rubbing a brass button upon the desk, and ap- 
plying it to the back of his neighbour's hand, and that 
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when his own hand has been treated in this waj 
found the button unmiatakeably hot. 

Heat a apeciea of Motion. 
40. For a long time this appearMice of heat by frictiol 
or percussion was regarded as inexplicable, because i 
waa believed that heat was a kind of matter, and it i 
difficult to understand where all this heat came froi 
The partisans of the material hypothesis, no doubj 
ventiu-ed to suggest that in such processes heat mig^ 
be drawn from the neighbouring bodies, so that tin 
Caloric (which waa the name given to the imaginary 
substance of heat) was squeezed or rubbed out of them, 
according as the process waa percussion or ii-iction, But_ 
this was regarded by many as no explanation, ev^ 
before Sir Humphry Davy, about the end of last cej 
tury, clearly showed it to be imtenable, 

50. Davy's experiments consisted in rubbing togethel 
two pieces of ice until it was found that both ■ 
neai'ly meltetl, and he varied the conditions of his 
peaimenta in such a manner as to show that the hea 
produced in this case could not be abstracted from t 
neighbouring hodiea 

51. Let us pause to consider the alternatives to whic 
we are driven by this experiment. K we stiU choose 
regard heat as a substance, since this has not been takei 
from the surrounding bodies, it must necessarily hav< 
been created in the process of friction. But if wc choos 
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to regard heat as a ajjeciea of motion, we have a simpler 
alternative, for, inasmuch as the energy of visible motion 
has disappeared in tlie process of friction, we may sup- 
pose that it has been transformed into a species of mole- 
cular motion, which we call heat ; and this was the con- 
clusion to which Davy came. 

52. About the same time another philosopher was 
occupied with a similar experiment Count Rumford was 
superintending the boring of cannon at the arsenal at 
Munich, and was forcibly struck with the very great 
amount of heat caused by this process. The source of 
this heat appeared to him to be absolutely inexhaustible, 
and, being tmwilling to regard it as the creation of a 
species of matter, he was led like Davy to attribute it to 
motion. 

53. Assuming, therefore, that heat is a species of 
motion, the next point is to endeavour to comprehend 
what kind of motion it is, and in what respects it is 
different from ordinary visible motion. To do this, let ua 
imagine a railway cairiage, full of passengers, to be whirl- 
ing along at a great speed, its occupants quietly at ease, 
because, although they are in rapid motion, they are all 
moving at the same rate and in the same direction. Now, 
suppose that the train meets with a sudden check ; — a 
disaster is the conserjuence, and tlie quiet placidity of the 
occupants of the carriage is instantly at an end. 

Even if we suppose that the carriage is not broken up 
and its occupants killed, yet they are all in a violent 
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state of excitement ; those fronting the en^ne are driven 
with force against their opposite neighbours, and are, no 
doiiht, as forcibly repelled, each one taking care of him- 
self in the general scramble. Now, we have ordy to sub- 
stitute particles for persons, in order to obtain an idea of 
what takes place when percussion ia converted into heat 
"We have, or suppose we have, in this act the same violent 
collision of atoms, the same thrusting forward of A upon 
B, and the same violence in pushing back on the part of 
B— the same struggle, confusion, and excitement — the 
only difference being that particles are heated instead of 
human beings, or their tempers, 

54. We are bound to acknowledge that the proof whi< 
we have now given is not a du-ect one ; indeed, we ha' 
in our fii-st chapter, explained the impossibility 
ever seeing these individual particles, or watching th( 
movementa ; and hence our proof of tho assertion that 
heat consists in sudi movements cannot possibly be direct. 
We cannot see that it does so consist, but yet we may- 
feel sure, as reasonable beings, that we are right in 
conjecture. 

In the argument now given, we have only two all 
natives to start with — either heat must consist of 
motion of particles, or, when percussion or friction is 
verted into heat, a peculiar substance called caloric niust^ 
be created, for if heat be not a species of motion it must 
necessai'ily be a species of matter. Now, we have pre- 
ferred to consider heat as a species of motiou to the all 
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I native of Bupposing the creation of a peculiar kind of 
I matter, 

55. Nevertheless, it is desirable to have something to 

I say to an opponent who, rather than acknowledge heat 

1 to be a species of motion, will allow the creation of matter. 

I'To such an one we would say that innumerable experi- 

i menta render it certain that a hot body is not sensibly 

' heavier than a cold one, so that if heat be a species of 

matter it is one that is not subject to the law of gravity. 

If we biun iron wire in oxygen gas, we are entitled to 

say that the iron combines with the oxygen, because we 

L know that the product ia heavier than the original iron 

I by the very amount which the gas has lost in weight. 

\ But there ia no such proof that during combustion the 

. has combined with a substance called caloric, and 

I the absence of any such proof is enough to entitle us to 

I'Conaider heat to be a species of motion, rather than a 

repecies of matter. 

Heat a BacJiward and Forward Motion. 

■ 56. We shall now suppose that our readers have 
ftasaented to our proposition that heat is a species of 
Imotion. It is almost unnecessary to add that it must 
• be a species of backward and forward motion; for 
■.nothing ia more clear than that a heated substance is 
ynot in ■motion as a whole, and will not, if put upon a 
f table, push its way from the one end to the other. 

Mathematicians express this peculiarity by saying that, 
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althougt there is violent internal motion among the j 
tides, yet the centre of gravity of the substance remain 
at rest ; and since, for most purposes, we may suppose i 
body to act as if concenti^ated at its centre of gravity, ' 
may say that the body is at rest. 

57. Let ua here, before proceeding fui-ther, borrow an 
illustration from that branch of physics which ti'eats of 
sound. Supijose, for instance, that a man is accurately 
balanced in a scale-pan, and that some water enters his 
ear; of courso he will become heavier in consequence, 
and if the balance be sufficiently delicate, it will exhibit 
the dilTorence. But suppose a sound or a noise enters 
his ear, he may say with truth that something has entered, 
but yet that something is not matter, nor will he become 
one whit heavier in consequence of its entrance, ajid he 
will remain balanced as before. Now, a man into whose 
ear sound baa entered may be compared to a substance 
into which heat has entered ; we may therefore suppose a 
heated body to be similar in many respects to a sounding 
body, and just aa the particles of a sounding body move 
backwai-ds and forwards, so we may suppose that the 
particles of a heated body do the same. 

We shall take another opportunity (Art. 162) to enlaj 
upon tliis likeness ; but, meanwhile, we shall suppose thai 
our readers perceive the analogy. 
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Mechanical Equivalent of Heat. 
58. We have thus come to the conclusion that when 
any heavy body, say a kilogramme weight, strikes the 
ground, the visible energy of the kilogramme is changed 
into heat ; and now, having established the fact of a re- 
lationship between these two forma of energy, our nest 
point is to ascertain according to what law the beating 
effect depends upon the height of fall. Let us, for in- 
stance, suppose that a kilogramme of water is allowed to 
drop from the height of 848 metres, and that we have 
the means of confining to its own particles and retaining 
there the heating effect produced. Now, we may suppose 
that its descent ia accompbshed in two stages ; that, first 
of all, it falls upon a platform from the height of 424; 
metres, and gets heated in consequence, and that then 
the heated mass is allowed to fall other 424 metres. It 
is clear that the water will now be doubly heated ; or, in 
other words, the heating effect in such a case will be pro- 
portional to the height through which the body falls — that 
is to say, it will be proportional to the actual energy whicli 
the body possesses before the blow has changed this into 
heat In fact, just aa the actual energy represented by a 
fall from a height is pi'oportional to the height, so is the 
heating effect, or molecular energy, into which the actual 
energy ia changed proportional to the height also. Having 
established this point, we now wish to know thi-ougli 
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how many metres a kilogrammo of water must fall in 
order to be heated one degree centigrade. 

59. For a precise determination of this important 
point, wo are indebted to Dr. Joule, of Manchester, who 
has, perhaps, done more than any one else to put the 
science of energy upon a sure foundatioiL Dr. Joule 
made numerous experiments, with the view of arriving 
at the exact relation between mechanical energy and 
heat; that is to say, of determining the mechanical 
equivalent of heat. In some of the most important of 
these he took advantage of the friction of fluids. 

GO. These experiments were conducted in the following 
manner. A certain fixed weight was attached to a pulley, 
as in the figure. The weight had, of courae, a tendency 
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to descend, and hence to turn the pulley round, 
pulley had its axle supported upon friction wheels, t 
and /, by means of which the friction caused by t 
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■dovement of the pulley was very much reduced. A 

Rfcring, passing over the circumference of the pulley, was 

wrapped round r, bo that, as the weight descended, the 

piilley moved round, and the sti'ing of the pulley caused 

r to rotate very rapidly. Now, the motion of the axis r 

was conducted within the covered box b, where there 

3 attached to r a system of paddles, of which a sketch 

given in figure ; and therefore, as r moved, these 

J moved also. There were, altogether, eight seta 

f these paddles revolving between four stationary vanes. 

|f, therefore, the box were full of liquid, the paddles and 

Ihe vanea together would chum it about, for these sta- 

teonary vanes would prevent the liquid being carried 

along by the paddles in the direction of rotation. 

Now, in this experiment, the weight was made to 
descend through a certain fixed distance, which was 
accurately measured. As it descended, the paddles were 
set in motion, and the energy of the descending weight 
was thus made to churn, and hence to heat some water 
contahied in the box B. When the weight had descended 
a certain distance, by undoing a small peg p, it could be 
wound up again without moving the paddles in B, and 
thus the heating effect of several fails of the weight 
could be accumulated until this became so gi-eat as to he 
capable of being accurately measured by a thermometer. 
It ought to be mentioned that great care waa taken in 
^^these experiments, not only to reduce the friction of the 
^Kaxles of the puUey as much as possible, but also to 
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estimate and correct for this friction as accurately as 
possible ; in fact, every precaution was taken to make the 
experiment successful. 

61. Other experiments were made by Joule, in some of 
■which a disc was made to rotate against another disc of 
cast-iron pressed against it, the whole arrangement being 
immoraed in a cast-iron vessel filled with mercury. 
From all these experiments, Dr. Joule concluded that the 
quantity of heat produced by friction, if we can preserve 
and accurately measure it, will always be found propor- 
tional to the quantity of work expended. He expressed 
this proportion by stating the number of units of work in 
kilogrammotres necessary to raise by 1° C. the tempera- 
ture of one kilogramme of water. This was i24i, as 
determined by his laat and most complete experiments; 
and hence we may conclude that if a kilogramme of 
water be allowed to fall through 424! metres, and if its 
motion be then suddenly stopped, sufficient heat will be 
generated to raise the temperature of the water through 
1° C, and so on, in the same proportion. 

C2. Now, if we take the kilogrammetre as our unit of 
work, and the heat necessary to raise a kilogramme of 
water 1° C. as our unit of heat, this proportion may be 
expressed by saying that one heat unit is equal to 424 
units of work. 

This number is frequently spoken of as the mechanical 
equivalent of beat; and in scientific treatises it : 
denoted by J., the initial of Dr. Joule's name. 
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63. We have now stated the exact relationship that 
subsists between mechanical energy and heat, and before 
proceeding further with proofs of the great law of con- 
servation, we shall endeavour to make our readers 
acquainted with other varieties of energy, on the ground 
that it is necessary to penetrate the various disguises 
that our magician assumes before we can pretend to 
explain the principles that actuate him in his trans- 
formations. 
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CHAPTER lit 

TEE FORCES AND ENERGIES OF NATURE: 
THE LAW OF CONSERVATION. 

C-i. In the last chapter "we introdaced our readers 
two varieties of energy, one of them visible, and the other 
inxTsible or molecular ; and it will now he our duty to 
search through the whole field of physical science for 
other varieties. Here it is well to bear in mind that all 
energy consists of two kinds, that of position and that of 
actual Tnotion, and also that this distinction holds for 
invifdble molecular energy just as truly as it docs for that 
which is visible. Now, energy of position implies a body 
in a position of advantage with respect to some force, and. 
hence we may with propriety begin our search 
investigating the various forces of nature. 

GravitatioTi. 

65. The most general, and perhaps the moat important. 
of these forces is gravitation, and the law of action of this 
force may be enunciated as follows ; — Every particle of 
the universe attracts every other particle with a form 
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pending jointly upon the mass of the attracting and 
' the attracted particle, ajid varying inversely as the 
^■Square of distance between the two. A little explanation 
will make thia plain. 

Suppose a particle or eyatem of particles of which 
the mass is unity to be placed at a distance equal to unity 
from another particle or system of particles of which the 
mass ia also unity — the two will attract each other. Let us 
jree to consider the mutual attraction between them 
iqual to unity also. 

. Suppose, now, that we have on the one side two such 

rstems with a mass represented by 2, and on the other 

the same system as before, with a mass repre- 

iiited by unity, the distance, meanwhile, remaining 

maltered. It is clear the double system will now attract 

Tie aystem with a twofold force. Let us next 

suppose the mass of both systems to be doubled, the 

distance always remaining the same. It is clear that we 

_ shall now have a fourfold force, each unit of the one 

riiystem attracting each unit of the other. Li like manner, 

f the mass of the one system is 2, and that of the other 

, the force will be 6. We may, for instance, call the 

mponenta of the one system A^ A^ and those of 

^e other A^ A, A, and we shall have A pulled towards 

A, and A, with a threefold force, and A pulled 

towards A, A, and A^ with a threefold force, making 

altogether a foi'ce equal to 6. 
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In the next place, let tlie masaea remain unaltered, but 
let the distance between them be doubled, then the force 
will be reduced fourfold. Let the distance be tripled, 
then the force will be reduced ninefold, and so on. 

66. Gravitation may be described as a very weak force,.! 
capable of acting at a distance, or at least of appearinsl 
to do BO. It takes the maaa of the whole earth to prcnl 
duce the force with which we are ao familiar at ital 
surface, and the presence of a large mass of rock orj 
mountain does not produce any appreciable difference in 
the weight of any substance. It is the gravitation of the | 
earth, lessened of course by distance, which acts upon 
the moon 240,000 mUes away, and the gi'avitation of the 
sun influences in like manner the earth and the various , 
other planets of our system. 

Elastic Forces. 

67. Elastic forces, although in their mode of action 1 
very different from gravity, are yet due to visible! 
arrangements of matter ; thus, when a cross-bow is bent, ] 
there is a visible change produced in the bow, which, ! 
whole, resists this bending, and tends to resume its ] 
previous position. It therefore requires energy to bend 

a bow, just as truly and visibly as it does to raise a 
weight above the earth, and elasticity is, therefore, as ■ 
truly a species of force as gravity is. We shall not here | 
attempt to discuss the various ways in which this force \ 
may act, or in which a solid elastic substance will resist 
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I all attempts to deform it ; but in all cases it ia clearly 
r manifest that work must be spent upon the body, and the 
I force of elasticity must be encountered and overcome 
I throughout a cei'tain space before any sensible deforma- 
\ tion can take placa 

Force of Cohesinn. 
>8. Let us now leave the forces which animate large 
i maaaea of matter, and proceed to discuss those which 
I subsist between the smaller particles of which these large 
composed. And here we must say one word 
>re about molecules and atoms, and the distinction we 
:1 ourselves entitled to draw between these very small 
[ bodies, even although we shall never be able to see either 
I the one or the other. 

In our first chapter (Art. 7) we supptraed the continual 

sub-division of a grain of sand until we had arrived at 

' the smallest entity retaining all the properties of sand 

— this we called a violecide, and nothing smaller than 

I this is entitled to be called sand. If we continue this 

I Bub-division further, the molecule of sand separates itself 

into its chemical constituents, consisting of sUicon on 

the one side, and oxygen on the other. Tlivm we arrive 

at last at the smallest body which can call itaclf silicon, 

I and the smallest which can call itself oxygen, and we 

6 no reason to suppose that either of these is capable 

I of sub-division into something else, since we regard 

I oxygen and silicon as elementary or simple bodies. Now, 



o2 THE CONSERVATION OF ENERGY. 

these constituents of the silicon molecule are called atcrnis, 
ao that we eay the sand molecule is divisible into atoms 
of silicon and of oxygen. Fuithermore, we have strong 
reason for supposing that such molecules and atoms really 
exist, but into the arguments for their existence we can- 
not now enter — it is one of those things that we must 
ask OUT readers to take for gi'anted. 

69. Let us now take two molecules of sand These, 
when near together, have a very strong attraction for 
each other. It is, in truth, thia attraction which renders 
it diiiicult to break up a crystahine particle of sand or 
rock crystal But it is only exerted when the molecules 
are near enough together to form a homogeneous crystal- ' 
line structure, for let the distance between them be some- 
wiiat increased, and we find that all attraction entirely 
vanishes. Thus there is httle or no attraction between 
different particles of sand, even although they are very 
closely packed together. In like manner, the integrity 
of a piece of glass is duo to the attraction between its 
molecules ; but let these be separated hy a flaw, and it 
will soon be found that this very small increase of dis- 
tance greatly diminishes the attraction between the par- 
I tides, and that the structure will now fall to pieces from 
the slightest cause. Now, these examples are sufficient 
J to show that molecular attraction or aAesion, a& this is 
I called, is a force which acts very powfrfidly through a 
r certain small distance, but which vanishes altogether 
when this distance becomes pereeptibla Cohesion is 
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strongest in solids, while in liquids it is much diminislied, ^^^| 

and in gases it may be said to vanish altogether. The ^^^| 

moleculea of gases are, in truth, so far away from one ^^H 

I another, as to have little or no mutual attraction, a fact ^^^| 

I proved by Dr. Joule, whose name was mentioned in the ^^^| 

I last chapter. ^^^| 

Force of Chemical Affinity. ^^^M 

70. Let us now consider the mutual forces between ^^^H 

I atoms. These may be characterized as even stronger ^^H 

I than the forces between molecules, but as disappearing ^^^| 

I still more rapidly when the distance is increased. Let ^^H 

I us, for instance, take carbon and oxygen — two substances ^^^| 

L which are ready to combine together to form carbonic ^^^| 

I acid, whenever they have a suitable opportunity. In ^^^| 

( this case, each atom of carbon will unite with two of ^^H 

oxygen, and the result wiU be something quite different ^^^| 

from either. Yet under ordinary circumstances carbon, or ^^^| 

its representative, coal, will remain unchanged in the ^^^| 

presence of oxygen, or of atmospheric air containing ^^^| 

oxygen. Tliere will be no tendency to combine together, ^^^| 

^^ because although the particles of the oxygen would appear ^^^| 

^^L.io be in immediate contact with those of the carbon, ^^^| 

^^K yet the nearness is not sufBcient to permit of chemical ^^^| 

^^ affinity acting with advantage. When, however, the ^^^ 

lieamess becomes sufficient, then chemical affinity begins 

to operate. We have, in fact, the familiar act of com- . 

r — i 
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eai'bon or coal with the oxygen of the air, carbonic acid 
being the result. Here, then, we Lave a very powerful 
force acting only at a very small distance, which we 
naiue chetiiical affinity, inasmuch aa it represents the 
attraction exerted between atoms of different bodies in 
contradistinction to cohesion, wliich denotes the attraction 
between molecules of the same body, 

1. If we regard gravitation aa the representative of 
forces that act or appear to act, at a distance, we may 
.regard cohesion and chemical aiEnity aa the representa- 
tives of those forces which, although very powerful, only 
act or appear to act through a very small interval of 
distance. 

A little reflection will show ua how inconvenient it 
would be if gravitation diminished very rapidly with the 
distance ; fur then even supposing that the bond which 
retains us to the earth were to hold good, that which 
rietains the moon to the earth might vanish entirely, as 
'-well as that which retains the earth to the sun, and the 
consequences would be far from pleasant Reflection 
will also show us how inconvenient it would be if 
chemical affinity existed at all distances ; if coal, for 
instance, were to combine with oxygen without the ap- 
plication of heat, it would greatly alter the value of this 
fuel to mankind, and would materially check the progi-esa 
,of human industry. 
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Remarka on Molecular and Atomic Forces. 

72. Now, it is important to remember that we must 
I treat cohesion and chemical affinity exactly in the same 
I way as gravity haa been treated ; and just as we have 
I energy of position with respect to gravity, so may we 
I have as truly a species of energy of position with 
I respect to cohesion and chemical affinity. Let us 
[ begin with cohesion. 

73. We have hitherto r^arded heat as a peculiar 
I motion of the molecules of matter, without any reference 
I to the force which actuates these molecules. But it is 
I. a well-known fact tliat bodies in general expand waen 
I' heated, so that, in virtue of this expansion, the molecules 
I of a body are driven violently apart against the force of 

esion. "Work has in truth been done against this 

\ force, just as truly as, when a kilogramme is raised from 

[ the earth, work is done against the force of gravity. 

I When a substance is heated, we may, therefore, suppose 

lat the heat has a twofold office to perform, part of it 

[oing to increase the actual 'motions of the molecules, 

' and part of it to separate these molecules from one 

another against the force of cohesion. Thus, if I swing 

round horizontally a weight {attaclied to my hand by 

Ian elastic thread of india-rubber), my energy will be 
Bpent in two ways — first of all, it will be spent in com- 
municating a velocity to the weight ; and, secondly, in 
ftretching the india-rubber sti'ing, by means of tlie 
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centrifugal tendency of the weight. Work -will be doni 
against the elastic force of the string, aa well as spent' 
in increasing the motion of the weight. 

Now, something of this kind may be taking place 
when a body is heated, for we may very well suppose 
heat to consist of a vertical or circular motion, the ten- 
dency of which would be to drive the particles asunder 
against the force of cohesion. Part, therefore, of the 
energy of heat will be spent in augmenting the motion, 
and part- in driving asunder the particles. We may, 
however, suppose that, in ordinary cases, the great pro- 
poi-tion of the energy of heat goes towards increasing 
the molecular motion, rather than in doing work aga 
the force of cohesion. 

7-i- In certain cases, however, it is probable that 
greater pai't of the heat applied is spent in doing wi 
against molecular foi-ces, instead of increasing 
motions of molecules. 

Thus, when a solid melta, or when a liquid is rendered 
gaseous, a considerable amount of heat is spent in the 
jirocess, which does not become sensible, that is to say, 
does not affect the thermometei'. Thus, in order to melt 
a kilogramme of ice, heat is required sufficient to raiaa- 
a kilogramme of water through 80° C, and yet, wh( 
melted, the water is no warmer than the ice. We ex- 
press this fact by saying that the latent heat of water' 
is 80. Again, if a kilogramme of water at 100° be con-' 
verted entirely into steam, as much heat is required aSi 
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would raise the water through 537° C, or B'SJ kilograinnies 
of water through one degree ; but yet the steam ia no 

^ hotter than the water, and we express this fact by saying 
jtJiat the latent heat of steam is 537. Now, in both of 
ihese instances it is at least extremely probable that 
a large portion of the heat is spent in doing work against 
the force of cohesion ; and, more especially, when a fluid 
is converted into a gas, we know that the molecules are 
a that process separated so far from one another as to 
e entirely any trace of mutual force. We may, there- 
1, conclude that although in most cases the greater 
Kportion of the heat applied to a body is spent in in- 
ureaaing its molecular motion, and only a small part in 
Icing work against cohesion, yet when a solid melts, or 
ft liquid vaporizes, a large portion of the heat required ia 
(not improbably spent in doing work against molecular 
fbrcea But the energy, though spent, is not lost, for 
when the liquid again freezes, or when the vapour again 
sondenses, this energy is once more transformed into thj 
■flhape of sensible heat, just as when a stone is dropped 
rom the top of a house, its energy of position is trans- 
Kfbrmed once more into actual energy. 

75. A single instance will suflice to give our readers a 

I notion of the strength of molecular forces. If a bar of 

wrought iron, whose temperature is 10° C above that 

of the surrounding medium, be tightly secured at its 

extremities, it will draw these together with a force of at 

^^ least one ton for each square inch of section. In some 
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cases whea-e a building has shown signs of bulging out- 
warda, iron bara have been placed across it, and aecured 
while in a heated state to the walla. On cooling, the 
iron contracted with great force, and the walls 
thereby pulled together. 

70, We are next brought to consider atomic forces, 
those which lead to chemical union, and now let us 
how these are influenced by heat. We have seen thai 
heat causes a separation between the molecules of a 
body, that is to say, it increases the distance between 
two contiguous molecules, but we must not suppose that, 
meanwhile, the molecules themselves are left unaltered. 

The tendency of heat to cause separation is not coi 
to increasing the distance between molecules, but 
also, no doubt, in increasing the distance between parts 
of the same molecule : in fact, the energy of heat is spent 
in pulling the constituent atoms asunder against the forcft' 
of chemical afiinity, as well as in pulling the raoleci 
asunder against the force of cohesion, so that, at 
high temperature, it ia probable that most chemical coi 
pounds would be decomposed, and many are so, even at 
very moderate heat. 

Thus the attraction between oxygen and silver is sO' 
slight that at a comparatively low temperature the oxide 
of silver is decomposed. In like manner, limestone, or 
carbonate of lime, is decomposed when subjected to the 
heat of a lime-kiln, carbonic acid being given off, while 
quick-lime remains behind. Now, in separating heter^-j 
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geneoua atoms against the powei'ful force of chemical 
affinity, work is done as truly aa it is in separating molecules 
from one another against the force of cohesion, or in separ- 
ating a stone from the earth against the force of gravity. 

77. Heat, as we have seen, is very frequently influential 
in performing this sepai'ation, and its energy is spent in 
so doing; but other energetic agents produce chemical 
decomposition aa well as heat For instance, certain rays 
of the aun decompose carbonic acid into carbon and 
oxygen in the leaves of plants^ and their energy is spent 
in the process ; that is to say, it is spent in pulling 
asunder two such powerfully attracting substances against 
the affinity they have for one another. And, again, the 
electric current ia able to decompose certain substances, 
and of course its energy is spent in the process. 

Therefore, whenever two powerfully attracting atoms 
are separated, energy is spent in causing this separation 
aa truly as in separating a atone from the earth, and 
when once the separation baa been accompUsbed we have 
a species of energy of position juat aa truly as we have in 
a head of water, or in a stone at the top of a houaa 

78. It is this chemical separation that is meant when 
we speak of coal as a source of energy. Coal, or carbon, 
has a great attraction for oxygen, and whenever heat ia 
applied the two bodies unite together. Now oxygen, as 
it exists in the atmosphere, is the common inheritance of 
all, and if, in addition to this, some of ua possess coal in 

: cellars, or in pita, we have thus secured a store of 
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enei^ of position which we can di'aw upon with i 
facility than if it were a head of water, for, although we 
can draw upon the energy of a head of water whenever 
we choose, yet we cannot carry it about with ua from 
place to place as we can with coaL We thus perceive 
that it is not the coal, hy itself, that forms the source of 
energy^ but this is due to the fact that we have coal, or 
carbon, in one place, and oxygen in another, while wo 
have also the means of causing them to unite with each 
other whenever we wish. If there were no oxygen in 
the air, coal by itself would be of no value. 

Electricity : its Properties. 

79. Our readers have now been told about the ft 
of cohesion that exists between molecules of the same 
body, and also about that of chemical affinity existing 
between atoms of difFereut bodies. Now, heterogeneity 
Ls an essential element of this latter force — there must 
he a difference of some kind before it can exhibit itself — 
and under these circumstances its exhibitions axe fre- 
quently charactei-ized by very extraordinary and interest- 
ing phenomena. 

We allude to that peculiar exhibition arising out of the 
forces of heterogenous bodies which we call electricity, 
and, before proceeding further, it may not bo out of placo 
to give a short sketch of the mode of action of this verj' 
mysterious, but most interesting, agent. 

80. The science of electricity is of very ai ' 
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but its beginning was very small For a couple of thou- 
sand years it made little or no prepress, and then, during 
the courae of little more than a century, developed into 
the giant which it now is. The ancient Greeka were 
aware that amber, when rubbed with silk, had the pro- 
perty of attracting light bodies ; and Dr. Gilbert, about 
three hundred yeara ago, showed that many other things, 
such aa sulphur, sealing-wax, and glass, have the same 
property as amber. 

In the progi-ess of the science it came to bo known 
,hat certain substanoea are able to cany away the 

iculiar influence produced, while others are unable to 
the former are called conductore, and the latter 
^QTi^conduciora, or insulators, of electricity. To make 
the distinction apparent, let us take a metal rod, having 
a glass stem attached to it, and rub the glass stem with 
a piece of silk, care being taken that both silk and glass 
are warm and dry. We shall find that the glass baa now 
acquired the property of attracting little bits of paper, or 
elder pith ; but only where it has been rubbed, for the 
peculiar influence acquired by the glass has not been able 

spread itself over the surface. 

If, however, we take hold of the glass stem, and rub 
metal rod, we may, perhaps, produce the same pro- 
perty in the metal, but it will spread over the whole, not 
confining itself to the part rubbed. Thus we perceive 
that metal is a conductor, wliile glass is an insulator, or 
^^Bum-conductor, of electricity. 
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81. "We would nest observe that this influence is of 
tioo kinds. To prove this, let us perform the foUowinf 
experiment. Let us suspend 
a small pith hall by a very 
slender ailk thread, as in Fig. 5. 
Next, let U3 rub a stick of 
warm, dry glass with a 
piece of warm ailk, and with 
this excited stick touch the 
pith balL The pith baU, after 
being touched, will be repelled 
by the excited glass. Let us 
next excite, in a similar man- 
ner, a stick of dry sealing-wax with a piece of warm, dry 
flannel, and on approaching this stick to the pith ball it 
will attract it, although the ball, in its present state, ia 
repelled by the excited glass. 

Thus a pith ball, touched by excited glass, is repi 
by excited glasa, but attracted by excited sealing-wax. 

In like manner, it might be shown that a pith ball, 
touched by excited sealing-wax, will be afterwards re- 
pelled by excited sealing-wax, but attracted by excited 
glass. 

Now, what the excited glasa did to the pith ball was 
to communicate to it part of its own influence, after 
which the ball was repelled by the glass ; or, in other 
words, bodies charged wiUi BimUar decti-idttee repel on* 
another. 
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Again, since the pith ball, when charged with the elec- 

Jtricity from glass, was attracted to the electrified aealing- 

[wa?:, we conclude that bodies charged ivith unlilM elec- 

riciiies attract one another. The electricity from glass 

Rb Bometimes called mtreoua, and that from seahng-was: 

■resinous, electiicity, but more fi'equently the former is 

jiown as positive, and the latter as negative, electricity^ 

1 beii^ understood that these words do not imply the 

■^)ossession of a positive nature by the one influence, or 

■ of a negative nature by the other, but are merely terma 
ftemployed to express the apparent antagonism which 
I.exists between the two kinds of electricity. 

82. The next point worthy of notice is that whenever 

Wonc electricity is ■produced, just as wAich is produced of 

mun opposite description. Thus, in the case of glass 

Kexcited by silk, we have positive electricity developed 

upon the glass, while we have also negative electricity 

developed upon the silk to precisely the same extent. And, 

again, when sealing-wax is rubbed with flannel, we have 

L negative electricity developed upon the sealing-wax, and 

■ just aa much positive upon the flannel. 

S3. These facta have given rise to a theory of elec- 
Btricity, or at least to a method of regarding it, which, if 
■not absolutely correct, aeems yet to imite together the 
1 various phenomena. According to this hypothesis, a 

■ neutral, unescited body is supposed to contain a store 
■of the two electricities combined together, so that when- 

iuch a body is excited, a separation is produced 
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between tlie two. The phenomena which we have 
described are, therefore, due to this electrical separation, 
and inasmuch sis the two electricities have a great affinity 
ibr one another, it requires the expenditure of energy to 
jiroduce this separation, just as tmly as it does to separate 
a stone from the earth, 

84. Now, it is worthy of note that electrical sept 
tioTi is only produced when heterogeneous bodies 
I'uhbed together. Thus, if flannel ho rubbed upon glass, 
we have electricity ; but if flannel be rubbed upon glass 
covered with flannel, we have none. In like manner, if 
silk be rubbed upon sealing-wax covered with silk, or, in 
fine, if two portions of tlie same substance be rubbed 
together, we have no electricity. 

On the other hand, a very shght difference of texture 
is sometimes sufficient to produce electrical separation. 
Thus, if two pieces of the same silk ribbon he nibbed 
together lengthwise, we have no electricity ; but if they 
be rubbed across each other, the one is positively, and the 
other negatively, electrified. 

In fact, this element of heterogeneity is an aU impor- 
tant one in electrical development, and this leads us to 
conjootiu-e that electrical attraction may probably be 
regarded a« peculiarly allied to Oiat force which we call 
chemical affinity. At any rate, electricity and chemical 
aflinity are only manifested between bodies that arc, in 
some vo.ipects, dissimilai*. 

85, The following is a list of bofUea an^anged accordii^. 
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to the electricity wMch they develop when rubbed to- 
gether, each substance being positively electrified when 
j.'ubbed with any substance beneath it in the list. 



1, Cat's akin. 


8. Reain. 


2. Flannel 


9. Metals. 


3. Ivory. 


10. Sulphur. 


4.. Glass. 


11. Caoutchoua 


5. Silk. 


12. Gutta-percha. 


6. Wood. 


13. Gun-cotton. 


7. Shellafl. 





Thus, if resin be rubbed -with cat's skin, or with 
flannel, the cat's skin or flannel will be positively, and 
the resin negatively, electrified ; while if glass be rubbed 
with silk, the glass will be positively, and the silk nega^ 
tively, electrified, and bo on. 

86. It is not our purpose here to describe at length the 
electrical machine, but we may state that it consists of 
two parts, one for generating electricity by means of the 
friction of a rubber against glass, and another consisting 
of a system of brass tubes, of considerable surface, sup- 
ported on glass stems, for collecting and retaining the 
electricity so produced. Thi-s latter part of the machine 
is called its pri/me conductor. 

Electric Inductioyi. 

87. Let UB now suppose that we have set in action a 
whine of this kind, and accumulated a coosiderablo 
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q^uantity of positive dectricity in its piime conductor at 
A. Jjct us next take two vessels, b and c, made o 




supported on glass stems. These two vessels are sup- 
posed, to be in contact, but at the some time to be 
capable of being separated from one another at their 
middle point, where the line is drawn in Fig. C. 
Now let us cause b and c to approach A together. At 
first, B and c are not electrified, that is to say, their two 
electricities are not separated from each other, but are 
mixed together; but mark what will happen as they 
are pushed towards A. The positive electricity of a will 
decompose the two electricities of B and c, attracting the 
negative towards iteelf, and repelling the positive as far 
away as possible. The disposition of electricities will, 
tJierefore, be as in the figure. If we now pull C away 
from B, we have obtained a quantity of positive elec- 
tricity on c, by help of the original electricity which was 
in A ; in fact, we have made use of the original stock or 
electrical capital in A, in order to obtain positive elec- 
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tricity in c^ without, however, diminishing the amount 
of our original stock. Now, thia distant action or help, 
rendered ty the original electricity in separating that of 
B and c, is called electric induction. 

88. The experiment may, however, be performed in a 
somewhat different manner — we may allow B and c to 
remain together, and gradually push them nearer to A. 
As B and c approach a, the separation of their electricities 
will become greater and greater, until, when A and B are 
only divided by a small thickness of air, the two opposite 
electricitie.'j then acciunulatcd will have sufficient strength 
to rash together through the air, and unite with each 
other by means of a spark. 

The principle of induction may be used with ad- 
itfige, when it is wished to accumulate a large quantity 
'of electricity. 

In this case, an instrument called a L^yden jar ia very 
frequently employed. It consists of a glass jar, coated 
inside and outside with tin foil, as in 
'ig. 7. A brass rod, having a knob at 

iB end of it, is connected metallically 
■with the inside coatung, and is kept in 
its place by being passed through a 
cork, which covers the mouth of the 
jar. Wo have thus two metallia 
coatings which are not electrically ffig. 7. 

connected with one another. Now, in order to charge 
I jar of this kind, let the outside ■ 
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nected by a chain with the earth, while at the same 
time positive electricity from the prime conductor of 
an electrical machine is connnimicated to the inside knot. 

The positive electricity will accumulate on the inside 
coating with which the knob ia connected. It will then 
decompose the two electricitiea of the outside coating, 
driving the positive electricity to the earth, and there 
dissipating it, hut attracting the negative to itself. There 
will thus be positive electricity on the inside, and 
negative on the outside coating. These two electricities 
may he compared to two hostile armies watching each 
other, and very anxious to get together, while, however, 
they are separated from one another by means of an 
insurmountable obstacle. They will thus remain facing 
each other, and at their posts, while each aide is, mean- 
while, being recruited by the same operation as before. 
We may by this means accumulate a vast quantity of 
opposite electricities on the two coatings of such a jar, 
and they will remain there for a long time, especially if 
the surrounding atmosphere and the glass suiface of the 
jar be quite dry. When, however, electric connection of 
any kind is made between the two coatings, the elec- 
tricities rush together and unite with one another in the 
shape of a spark, while if the human body be the instru- 
ment of connecting them a severe shock will be felt 

90. It would thus appear that, when two bodies 
charged with opposite electricities are brought near 
each other, the two electricities rush together, foi 
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a cTirrent, and the ultimate result is a spark. Now, 
thia spark implies heat, and ia, in truth, nothing else 
than small particles of intensely heated matter of some 
kind. We have here, therefore, first of all, the conversion 
of electrical separation into a current of electricity, and, 
secondly, the conversion of this current into heat. In 
thia case, however, the cui-rent lasts only a very small 
time; the discharge, aa it is called, of a Leyden jar being 

t'ohably accomplished in ^ih of a second. 
The Electric Current. 
91. In other cases we have electrical euiTents which, 
though not ao poweifiil as that produced by discharging 
a Leyden jar, yet last longer, and are, in fact, continuous 
instead of momentary. 

We may see a similar difference in the case of visible 
energy. Tlius we might, by means of gunpowder, send 
up in a moment an enormous maaa of water; or we 
might, by means of a fountain, send up the same mass 
the course of time, and in a very much quieter 
We have the same sort of difference in electrical 
•"Siflchargea, and having spoken of the rushing together of 
two opposite electricities by means of an explosion and 
a spark, let us now speak of the eminently quiet and 
Eective voltaic cwrrent, in which we have a continuous 

together of the same two agents. 
92. It is not our object here to give a complete de- 
iption, either historical or scientific, of the voltaic 
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battery, but rather to givo sucb an account as will 
enable our readers to understand what the arrangement 
IB, and what sort of effect it produces ; and with thU 
object we shall at once proceed to describe the battery 
of Grove, which is perhaps the most efficacious of all the 
various arrangements for the purpose of producing an 
electric current In this battery we have a number of 
cells connected toge- 
ther, n.t in Fig. 8, 
which ahows a battery 
of three cells. Each 
cell consists of two 
Teasels, an outer and 
aa inner one; the outer Tense! being made of glass 
or ordinary stone ware, while the inner one is made 
of unglazed jwrcelain, and is therefore porous. The 
outer vessel is filled with dilute sulphuric acid, and a 
plate of amalgamated zinc — that is to say, of metallic 
zinc having its outer surface brightened with mercury, — 
is immersed in this acid Again, in the inner or porous 
vessel we have strong nitric acid, in which a plat« of 
platinum foil ia immersed, this being at the same time elec- 
trically connected with the zinc plate of the next outer 
vessel, by means of a clamp, as in the figure. Both metals 
must be clean where they are pressed together, that ia to 
say, the true metallic surfaces of both must ho in contact 
Finally, a wire is metallically connected with the plati- 
num of the left-band cell, and a similar wire with the 
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Ine of the right-hand cell, and these connecting wirca 
MUght, except at their extremities, to be covered over 
■■with gutta-percha or thread The loose extreimties of 
I theBe wires are called the poles of the battery. 

. Let us now suppose that we have a battery con- 
taining a good many ceUs of this description, and Ifet the 
whole arrangement be iDsulated, by being set upon glass 
Bupporte, or otherwise separated from the earth. If now 

»we teat, by appropriate methods, the extremity of the 
■wire connected with the left-band platinum plate, it will 
"be found to be charged with positive electricity, while 
the extremity of the other wire will be found charged 
■with negative electricity. 

9i. In the next place, if we connect these poles of the 
battery with one another, the two electricities will rush 
together and unite, or, in other words, there will be an 
Lelectrie cuiTent ; but it ■will not be a momentary but a 
■continuous one, and for some time, provided these poles 
Kfve kept together, a current of electricity will pass through 
l^e ■wires, and indeed through the whole arrangement, 
^including the cells. 

The direction of the current will be such tiiftt positive 
ictricity may be supposed to pass from tlie zvnc to the 
'Mtinwm, tlirough the liquid ; and bach again through 
e wire, from tJts platmum at fhe left havd, to the zino 
i tfte rigJit ; in fact, to go in the direction indicated by 
the arrow-head. 
95, Thus we have two things. In the first place, before 
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the two terminals, or poles, have been brought together, 
we have them chaj^ed with ■ opposite electricities; and, 
secondly, when once they have been brought together, w^ 
have the production of a continuous current of electricitjfl 
Now, this current is an energetic agent, in proof of whiol 
we shall proceed to consider the various properties whid 
it haa, — the various things which it can do. 



Its Magnetic Effects. 

96. In the first place, it can deflect the magnetic needi 
For instance, let a compass needle be swung freely, ana 
let a current of electricity circulate along a wire pla 
near this needle, and in the direction of its length, theal 
the direction in which the needle points will be i 
diately altered. This direction will now depend upon thai 
of the current, conveyed by the wire, and the needle \ 
endeavour to place itself at right angles to this wire. 

In order to reiuember the connection between thoj 
direction of the current and that of the magnet, imaginej 
your body to form part of the positive eun-ent, which u 
be supposed to enter in at your head, and go out at youi 
feet ; also imagine that your face ia turned towards tl« 
magnet In this case, the pole of the magnet, whid 
points to the north, will always be deflected by the < 
rent towards your right hand. The strength of a current 
may be measured by the amount of the deflection it pro- 
ducesupoa a magnetic needle, and the instrument by which 
this measurement is made is called a g 
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Fig. 9. 



97. In the next place, tlie current is ahle, rot merely 
to deflect a magnet, "but also to render soft won magnetic. 
Let us take, for instance, the wire 
connected with the one pole of the 
battery, and cover it with thread, in 
order to insnJate it. and let us wrap 
this wire round a cylinder of soft 
iron, as in Fig. 9. If we now 
make a communication between the 
other extremity of the ^vire, and 
the other pole of the batteiy, so as 
to make the current pass, it will he 
found that our cylinder of soft iron 
has become a powerful magnet, and that if an iron 
keeper he attached to it as in the figure, the keeper 
will be able to sustain a very great weight. 

Ite Heatmg Effect. 
9S. The ehctrie current has likewise tke property/ of 
heating a wire through which it paesea. To prove this, 
let us connect the two poles of a battery by means of a 
fine platinum wire, when it will be found that the wire 
■will, in a few seconds, become heated to redness. In 
point of fact, the current will heat a thick wire, but not 
so much as a thin one, for we may suppose it to rush with 
great violence through the limited section of the thin 
wire, producing in its passage great heat 
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Its Chemical Effect. 
99. EeHides its magnetic and heating effects, the cum 
has also the, power of decomposing compound substances^ 
under certain conditions. Suppase, for instance, that the' 
poles of a battery, instead of being brought together, are 
plunged into a vessel of water, decomposition will at once 
begin, and small bubbles of oxygen will rise from tlie 
positive pole, while small bubbles of hydrogen will make 
their appearance at the negative If the two gases are 
collected together in a vessel, they may be exploded, and 
if collected separately, it may be proved by the ordinaiyi 
testa, that the one is oxygen and the other hydrogen. 



Attraction and Repulsion of Currents. 

100. We have now described very shortly the magnetv 
the heating, and the chemical effects of currents 
remains for us to describe the effecta of currents u] 
one another. 

In the first place, suppose that we have two wires 
which are parallel to one another, and carry cuiTents 
going in the same direction ; and let us further suppose 
that these wires are capable of moving, then it is found 
that they will attract one another. Itj however, the 
wires, although parallel, convey currents going in opposite 
directions, they will then repel one another, A good way 
of showing this experimentally is to cause two circular 
currents to float on water. If these currents both go. 
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either in the same direction aa the hands of a watch, 
or in the opposite direction, then the two will attract 
one another ; but if the one goes in the one direction, 
and the other in the other, they will then repel one 
another. 

Attraction and Repulsion of Magnets. 
101. Ampfere, who discovered this property of currents, 
haa likewise shown us that in very many respects a 
magnet may be likened to a collection of circular currents 
all parallel to one another, their direction being such that, 
if you look towards the north pole of a freely suspended 
cylindrical magnet facing it, the positive current will 
descend on the east or left-hand side, and ascend on the 
west or right-hand side. K we adopt this method of 
viewing magnets, we can easily account for the attraction 
between the unhke and the repulsion between the like 
poles of a magnet, for when unlike poles are placed 
near each other, the circular currents which face each 
otlier are then all going in the same direction, and the 
two will, therefore, attract Mie another, but if Uke poles 
are placed in this position, the currents that face each 
other are going in opposite directions, and the poles will, 
therefore, repel one another. 



Induction of Gwrrents. 
102. Before closing this short sketch of electrical 
phenomena, we must allude to the inductive eifect of 
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currents upon each other. Let us aupposc (Fig. 10) that 
f^ we have two circular 

coils of wire, covered 
with thread, and placed ] 
near each other. Let ' 
both the extremities of 
the right-hauJ coil be 
connected with the poles 
of a battery, so as to . 
make a current of elee- I 
tricity circulate round J 
the coil On the other 1 
hand, let the left-hand I 
coil be connected with 
a galvanometer, thus 
enabling us to detect 
the smalle.st current of 
electricity which may 
pass through this coiL 
Now, it is found that 
when we first connect 
the right-hand coil, so 
as to pass the batteiy 
current through it, a 
momentary current will 
pass through the left- 
liand coil, and will de- 
flect the needle of the 
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.galvanometer, but thia current will go in an opposite 
direction to that which circulates round the right-hand 
coiL 

103. Again, as long as the current continues to flow 
through the right-hand coil there will be no current 
through the other, but at the moment of breaking the 
contact between the right-haod coil and the batteiy there 
will again be a momentary current in the left-hand coil, 
but this time in the same direction aa that of the right- 
hand coil, instead of being, as before, in the opposite 
directioa In other woixis, when contact is iJiade in the 
right-hand coil, there is a momentary current in the left- 
hand coil, but in an opposite direction to that in the right, 
while, when contact is broken in the right-hand coil, there 
is a momuntary current in the left-hand coil in the same 
direction aa that in the right. 

lOi, In order to exemplify this induction of currents, 
it is not even necessary to make and break the current 
in the right-hand coil, for we may keep it constantly going 
end arrange so as to make the riglit-hand coil (always 
retaining its connection with the battery) alternately 
approach and recede from the other ; when it approaches 
the other, the effect produced will be the same aa when 
the contact was made in the above expei'iment — that is 
to say, we shall have an induced cutrent in an opposite 
direction to that of the primary, while, when it recedes 
from the other, we shall have a current in the same direc- 
tion as tbat of the primary. 
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105. Thua we see that whether we keep both coilfl 
stationary, and suddenly produce a current in the right- 
hand coil, or whether, keeping this current constantly 
going, we suddenly bring it near the other coil, the 
inductive effect- will be precisely the same, for in hotii 
cases the left-hand coil is suddenly brought into the 
presence of a current And again, it ia the same, whether 
we suddenly break the right-hand current, or suddenly 
remove it from the left-hand coil, for in both 
this coil is virtually removed from the presence of 
current 

List of Energies. 

106. We are now in a position to enumerate the varioi 
kinda of energy which occur in nature ; but, before doing 
GO, we must warn our readers that this enumeration has 
nothing absolute or complete about it, representing, as it 
does, not so much the present state of our knowledge as 
of our want of knowledge, or rather profound ignorance, 
of the ultimate constitution of matter. It is, in truth, 
only a convenient classification, and nothing more. 

107. To begin, then, with visible energy. We have 
flrst of all — 

Energy of Visible Motion. 

(A.) Visible energy of actual motion — in the planets, | 
in meteors, in the cannon ball, in the atorm, in ] 
tlie running stream, and in other instances of ] 
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bodies in actual visible motion, too numerous to 
be mentioned 



Visible Energy of Pom.tiov,. 
(B.) Weliave also visible energy of position— in a stone 
on the top of a cliff, in a head of water, in a rain 
cloud, in a crosa-bow bent, in a clock or watch 
wound up, and in various other instances. 

108. Then we have, besides, several cases in which 
I there is an alternation between (A) and (B), 

A pendulum, for instance, when at its lowest point, has 
I only the energy (A), or that of actual motion, in virtue of 
I which it ascends a certain distance against the force of 
gravity. When, however, it has completed its ascent, ita 
energy is then of the variety (B), being due to position, 
and not to actual motion; and so on it continues to 
o.scillate, alternately changing the nature of its energy 
from (A) to (B), and from (B) back again to (A). 

109. A vibrating body ia another instance of this alter- 
■ nation Each particle of such a body may be compared to 
I an exceedingly small pendulum oscillating backwards 
' and forwards, only very much quicker than an ordinary 

pendulum ; and just as the ordinary pendulum in passing 
its point of rest has its energy all of one kind, while in 
passing its upper point it baa it all of another, so when 
a vibrating particle is passing its point of rest, its energy 
is all of the variety (A), and when it has reached its 
extreme displacement, it ia all of the variety (B). 
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Heat Motion. 

110. (C) Coming now to molecular or invisible energy^ 

we have, in tlie first place, that motion of the 
molecules of bodies which we tenn heat A 
better term would be ahsorbed heat, to distin- 
guish it from radiant heat, which is a very 
different thing. That peculiar motion which is 
imparted by heat when absorbed into a body 
therefore, one variety of molecular energy. 

Molecular Separation. 
(D.) Analogous to this is that effect of heat whit 
represents position rather than actual motion. 
For part of the energy of absorbed heat is spent 
in pulling asunder the molecules of the body 
under the attractive force which binds them 
together (Art. 73), and thus a store of energy of 
position is laid np, which disappears again after 
the body ia cooled. 

AtoTnic or Chemical Separation. 

111. (E.) The two previous varieties of energy may t 

viewed as associated with molecules rather t! 
with atoms, and with the force of cohesiodi 
rather than with that of chemical aflfinitj 
Proceeding now to atomic force, we hav< 
a species of energy of position due 
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separation of different atoms under the strong 
chemical attraction they have for one another. 
Thus, when we possess coal or carbon and ako 
oxygen in a state of separation from one 
another, we are in possession of a source of 
energy which may be called that of chemical 
separation 

Electrical Separation. 

112. (F.) The attraction which heterogeneous atoms 
possess for one another, sometimes, however, 
gives rise to a species of energy which mani- 
fests itself in a very pecuUar form, and 
appears as electrical separation, which is thus 
another form of energy of position. 

Mectridty in Motion. 

113. (G.) But we have another species of energy con- 
nected with electricity, for we have that due to 
electricity in motion, or in other words, an 
electric current which probably represents some 
form of actual motion. 

Radiant Energy. 

114. (H,J It is well known that there is no ordinary 
matter, or at least hardly any, between the sun 
and the earth, and yet we have a kind of energy 
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which we may call radiant energy, which pro 
eeeda to ua from the sun, and proceeds also with 
a definite, though very great velocity, taking 
about eight minutes to perform its journey. 
Kow, this radiant energy is known to consist or 
the vibrations of an elastic medium pervading 
all space, which is called ether, or the ethereal 
medium. Inasmuch, therefore, as it consists 
of vibrations, it partakes of the character of 
pendulum motion, that is to say, the energy of 
any ethereal particle is alternately that o£^ 
position and that of actual motion, ^M 

Law of Conservation. * 

115. Having thus endeavoured, provisionally at least, 
to catalogue our various energies, we are in a position 
to state more definitely what is meant by the conserva- 
tion of energy. For this purpose, let us take the universe 
as a whole, or, if this be too large, let us conceive, if 
possible, a small portion of it to be isolated from the rest, 
as far as force or energy is concerned, forming a sort of 
microcosm, to which we may conveniently dkeet our 
attention. 

This portion, then, neither parts with any of its 
energy to the universe beyond, nor receives any from it. 
Such an isolation is, of course, unnatural and impossible, 
but it is conceivable, and will, at least, tend to concentrate 
our thoughts. Now, whether we regard the great universe, 
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-T this small microcosm, the principle of the conservation 
1 of energy asserts that the sum of all the various energies 
I is a constant quantity, that is to aay, adopting the lan- 
guage of Algebra — 

(A) + (B) + (O + (D) + (E) + (F) + (G) + (H) = a 

constant quantity. 

116. This does not mean, of course, that (A) is constant 
in itself, or any other of the left-hand members of this 
equation, for, in truth, they are always changing about 
into each other — now, some visible energy being changed 
into heat or electricity ; and, anon, some heat or electricity 
being changed hack again into visible energy — hut it 
only means that the sum of all the energies taken together 
ia constant. We have, in fact, in the left hand, eight 
variable quantities, and we only assert that their simi is 
constant, not by any means that they are constant them- 
selves. 

117. Now, what evidence have we for this assertion ? 
It may be replied that we have the strongest possible 
evidence which the nature of the case admits of The 
assertion ia, in truth, a peculiar one — peciiliar in its mag- 
nitude, in its Mniversality, iu the subtle nature of the 
agents with which it deals. If true, its truth certainly 
cannot be proved after the manner in which we prove a 
proposition in Euchd. Nor dooa it even admit of a proof 

rigid as that of the somewhat analogous principle of 
the conservation of matter, for in chemistry we may 
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conllne the products of our chemical combination 
completely as to prove, beyond a doubt, that no heai 
matter passes out of existence, that — when coal, for 
stance, buroa in oxygen gas— what we have is merely a 
change of condition. But we cannot so easily prove that 
no energy is destroyed in this combination, and that the 
only result is a change from the energy of chemical 
separation into that of absorbed heat, for during tha, 
process it is impossible to isolate the energy— do 
we may, some of it will escape into the room in which 
perform the experiment ; some of it will, no doubt, escape 
through the window, while a little will leave the earth 
altogether, and go out into space. All that we can do 
in auch a case is to estimate, as completely as possible, 
bow much energy has gone away, since we cannot possibly 
prevent its going. But this is an operation involving 
great acquaintance with the laws of energy, and very 
great exactness of observation : in fine, our readers will 
at once perceive that it is much more difficult to pron 
the ti-uth of the conservation of energy than that of 
conservation of matter. 

118. But if it be difficult to pi-ove our principle ii 
the most rigorous manner, we are yet able to give the 
strongest possible indirect evidence of its truth. 

Our readers are no doubt familiar with a meth< 
which Euclid frequently adopts in proving his pro] 
tions. Starting with the supposition that they 
true, and reasoning upon this hypothesis, he comes 
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an alraurd conclusion — hence he concludes that they are 
tnie. Now, we may adopt a method somewhat similar 
with re;;aixl to our piinciple, only instead of sup- 
posing it untrue, let us suppose it true. It may then 
te shown that, if it be true, under certain test conditions 
we ought to obtain certain results — for instance, if we 
increase the pressure, we ought to lower the freezing 
point of water. Well, we make the experiment, and 
find that, in point of fact, the freezing point of water is 
lowered by increasing the pressure, and we have thus 
derived an argument in favour of the conservation of 
energy. 

119. Or again, if the laws of energy are true, it may 
"be shown that, whenever a substance contracts when 
heated, it will become colder instead of hotter by com- 
pression Now, we know that ice-cold water, or water 
just a little above its freezing point, contracts instead 
of expanding up to 4° C. ; and Sir William Thomson has 
found, by experiment, that water at this temperature is 
cooled instead of heated by sudden compression India- 
rubber is another instance of this relation between these . 
two properties, for if we stretch a string of india-rubber it 
gets hotter instead of colder, that is to say, its tempera- 
ture rises by extension, and gets lower by contraction ; 
and again, if we heat the string, we find that it contracte 
in length instead of expanding like other substances aa 
its temperature increases. 

120. Numberless instanc&s occur in which wo are 
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enabled to predict what will happen by assuming the 
truth of the laws of energy ; in other words, these laws 
are proved to be true in all cases where we can put them 
to the test of rigorous experiment, and probably we can 
have no better proof than this of the truth of such a 
principle. We shall therefore proceed upon the assumption 
that the conservation of energy holds true in all cases, 
and give our readers a list of the various transmutations 
of this subtle agent as it goes backwards and forwards 
from one abode to another, making, meanwhile, sundry 
remarks that may tend, we trust, to convince our readers 
of the truth of our assumption. 
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CHAPTER IV. 

TRANSMOTATIONB OF ENEBOr. 
Energy of V'ieible Motion. 

121. Let us begin our liat of transmutationa with the 
lergy of visible motion. This is changed into energy 

if ■position when a stone is projected upwards above the 
earth, or, to take a. case precisely similar, when a planet 
or a comet goes from perihelion, or its position nearest the 
Bun, to aphelion, or its position furthest from the aun. We 
thus see why a heavenly body shoizld move fastest at 
perihelion, and slowest at aphelion. If, however, a 
planet were to move round the sun in an orbit exactly 
circular, its velocity would be the same at all the various 
points of this orbit, because there would be no change 
in its distance from the centre of attraction, and there- 
fOTe no transmutation of energy. 

122. We have ab-eady (Arts. 108, 109} said that the 
energy in an oscillating or vibrating body is alternately 
that of actual motion, and that of position. In this 
respect, therefore, a pendulum l% similar to a comet or 
heavenly body with an elliptical orbit. Nevertheless the 
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change of energy is generally more complete in a pendulum 
or vibrating body than it is in a heavenly body ; for in a 
pendulum, when at its lowest point, the energy is entirely 
that of actual motion, while at its upper point it ia 
eiitii'ely that of position. Now, in a heavenly body we 
have only a lessening, but not an entire destruction, of 
the velocity, as the body passes from perihelion to 
aphelion — that is to say, we have only a partial conver- 
sion of the one kind of energy into the other. 

123. Let us next consider the change of actual visible 
energy into absorbed heat. This takes place in all cases 
of friction, percussion, and resistance. In friction, for 
instance, we have the conversion of work or energy into 
heat, which is here producedthroughthe rubbing of surfaces 
against each other ; and Davy has shown that two pieces 
of ice, both colder than the freezing point, may be melted 
by friction. In percussion, again, we have the enei^ 
of the blow converted into heat ; while, in the case of a 
meteor or cannon hall parsing through the air with great 
velocity, we have the loss of energy of the meteor or 
cannon ball through its contact with the air, and at the 
same time tlie production of heat on account of this 
resistance. 

The resistance need not be atmospheric, for we may 
set the cannon hall to pierce through wooden planks or 
through sand, and there will equally be a production of 
heat on account of the resistance offered by the wooden 
planks or by the sand to the motion of the b 
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may even generalize still further, and assert that when- 
ever the visible momentum of a body ia transferred to a 
laiger ma^s, there is at the same time the conversion of 
visible energy into heat 

124i. A little explanation will be reijuired to make tliis 
point clear. 

The third law of motion tells na that action and re* 
action are equal and opposite, so that when two bodies | 
come into collision the forces at work geneiute equal and 
opposite quantities of momentum. We shall best see 
tlie meaning of tliia law by a numerical example, bear- 
ing in mind that momentum means the product of maas 
into velocity. 

For instance, let us suppose that an inelastic body of > 
mass 10 and velocity 20 strikes directly another inelastic 
body of mass 15 and velocity 15, the direction of both 
motions being the same. 

Now, it is well known that the united mass will, after 
impact, be moving with the velocity 17. What, then, has ' 
been the influence of the forces developed by collision ? 
The body of greater velocity had before impact a 
momentum 10 x 20 = 200, while its momentum after 
impact ia only 10 x 17 = 170; it has therefore suffered 
a loss of 30 units as regards momentum, or we may con- 
sider that a momentum of 30 units has been impressed 
upon it in an opposite direction to its previous motion. I 

On the other hand, the body of smaUer velocity had ' 
before impact a momentum 15 X 15 ^ 225, while after 
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impact it has 15 x 17 ^ 255 units, 8o that its momentuni 
has been increased by 30 units in ita previous direction. 

The force of impact has therefore generated 30 unite 
of momentuni in two opposite directions, so that, taking i 
account of direction, the momentum of the system 
the same before and after impact ; for before impact W8 J 
had a momentum of 10x20 + 15x15^ 425, while after 1 
it we Iiave the imited mass 25 moving with the velocity j 
17, giving the momentum 425 as before. 

125. But while the momentum ia the same before and | 
after impact, the visible energy of the moving mass i 
undoubtedly less after impact than before it To see I 
this we have only to turn to the expression of Art. 28, I 
from which we find that the energy before impact 'I 



—Energy in kilogrammetrea = 



19-6 



: 376 nearly ; while that after impact I 



was as foUow 

10x20' + 15x15' 

19-6 

126. The loss of energy will be atiU more manifest if we J 
suppose an inelastic body in motion to strike against a < 
similar body at rest. Thus if we have a body of mass 
20 and velocity 20 striking against one of equal mass, 
but at rest, the velocity of the double masa after impact 
will obviously be only 10; but, as regards energy, that 



before impact will be 



20 X 20' 
19-6 



8000 
"19-6 



while that after ^^1 
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I impact will ba 



or only half the former. 



40x10*^4000 
19-6 19-6 

127. Thus there is in all such cases an apparent loss of 
visible energy, while at the same time there is the pro- 

\ duction of heat on account of the blow which takes 
place. If, however, the substances that come together be 
perfectly elastic (which no substance ia), the visible enei^ 
after impact will be the same as that before, and in this 
case there will be no conversion into heat. This, however, 
ia an extreme supposition, and inasmuch aa no substance 
8 perfectly elastic, we have in all cases of collision a 
^ater or less conversion of visible motion into heat. 

128. We have spoken (Art 122) about the change of 
' energy in an oscillating or vibrating body, as if it were 
I entirely one of actual energy into energy of position, 
t and the reverse. 

But even here, in each oscillation or vibration, there is 
I a greater or less conversion of visible energy into heat. 
Let us, for instance, take a pendulum, and, in order to 
make the circumstances as favourable as possible, let it 
swing on a knife edge, and in vacuo ; in this case there 
will be a shght but constant friction of the knife edge 
against the plane on which it rests, and though the 
pendulum may continue to awing for hours, yet it will 
^_ ultimately come to rest 

^H And, again, it ia impossible to make a vacuum so perfect 
^B that tiiere is absolutely no air surrounding the pendulum, 
^V BO that part of the motion of the pendulum will always 

L 
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be carrlecl off by the reaidual air of the vacuum in 
wliich it awinga, 

129. Now, Momething Bimilar happens in that vibratory 
motion which constitutes sound. Thus, when a bell is in 
vibration, part of the energy of the vibration is carried 
off by the surrounding air, and it is in virtue of this that 
we hear the sound of the tell ; but, even if there were no 
air, the bell would not go on vibrating for over. For 
there is in all bodies a greater or less amount of internal 
viscosity, a property which prevents perfect freedom of 
vibration, and which ultimately converts vibrations into 
lieat. 

A vibrating bell is thus very much in the same posltic 
as an oscillating pendulum, for in both part of the enei 
is given off to the air, and in both there is tmavoidable 
friction — in the one taking the shape of internal vis- 
cosity, and in the other that of friction of the knife edge 
against tlie plane on which it rests. 

130. In Loth these cases, too, that portion of the energy 
which goes into the air takes ultimately the shape of 
heat The oscillating pendulum communicatea a motion 
to tlie air, and this motion ultimately heats the air. The 
vibrating bell, or musical instrument, in like manner com- 
municates part of its energy to the air. This communis 
cated energy first of all moves through the air with the 
well-known velocity of sound, but duiing its progress it, 
too, no doubt becomes pai^tly converted into heat 
Ultimately, it is transmitted by the air to other bodies, 
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id by means of their internal viscosity is sooner or 

iter converted into heat. Thus we see that heat is the 

form of energy, into which all visible terrestrial motion, 

whether it be rectilinear, or oscillatory, or vibratory, is 

ultimately changed 

131. In the case of a body in visible rectilinear motion 
on the earth's surface, this change takes place very soon — 
if the motion be rotatory, such as that of a heavy re- 
vcJving top, it may, perhaps, continue longer before it is 
ultimately stopped, by means of the smrounding air, and 
by friction of the pivot ; if it be oscillatory, as in the 
pendulum, or vibratory, as in a musical instrument, we 
have seen that the air and internal friction are at work, 
in one shape or another, to carry it off, and mU ultimately 
succeed in converting it into heat. 

132. But, it may be said, why consider a body moving 
on the earth's surface ? why not consider the motion 
of the earth itself? Will this also ultimately take 
ttie shape of heat ? 

No doubt it is more difficult to trace the conversion 
in such a case, inasmuch as it is not proceeding at a 
sensible rate before our eyes. In other words, the 
very conditions that make the earth habitable, and a 
fit abode for intelligent beings like ourselves, are those 
which unfit us to perceive this conversion of energy 
in the case of the earth. Yet we are not without 
indications that it is actually taking place. For the 
purpose of exhibiting these, we may divide the earth's 
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motion into two — a motion of rotation, and one of revo- 
hition. 

133. Now, with regard to the earth's rotation, the con- 
version of the visihlo energy of this motion into heat ia 
aJready well recognized. To underatand this we have 
only to study tho nature of the moon's action upon the 
fluid portions of our globe. In the following diagram 
(Fig. 11) we have an exaggerated representation of this, 
hy which we see that the spherical earth is converted 



Moan 



into an elongated oval, of which one extremity always 
points to the moon. The solid body of the earth itself 
revolves as usual, but, nevertheless, this fluid protuber- 
ance remains always pointing towards the moon, as we 
see in the figure, and hence the earth rubs against the 
protuberance as it revolves. The friction produced by 
this action tends evidently to lessen the rotatory energy 
of the earth — in other words, it acts like a break — and we 
have, just as by a break-wheel, the conversion of visible 
energy into heat. This was first recognized by Mayer 
and J. Thomson, 

134. But while there can he no doubt about the fact of 
such a conversion going on, the only question is regarding 
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its rate of progress, and the time required before it can 
cause a perceptible impression upon the rotative enei^ 
of the earth. 

Now, it is believed by astronomers that they have 
detected evidence of such a change, for our knowledge of 
the motions of the sun and moon has become so exa^t, 
that not only can we carry forward our calculations so as 
to predict an eclipse, but also carry them backwards, and 
thus fix the dates and oven the very details of the 
ancient historical eclipses. 

If, however, between those times and the present, the 
I earth has lost a little rotative energy on account of this 
. peculiar action of the moon, then it is evident that the 
calculated circumstances of the ancient total eclipse will 
not quite agree with those actually recorded ; and by 
a comparison of this nature it is believed that we 
have detected a very slight falling off in the rotative 
energy of our earth. K we carry out the argument, we 
shall be driven to the conclusion that the rotative energy 
I of our globe will, on account of the moon's action, always 
I get less and less, until thiags are brought into such a 
state that the rotation comes to be performed in the same 
time as the revolution of the moon, so that then the same 
portion of the terrestrial surface being always presented 
to the moon, it is evident that there will be uo effort 
made by the solid substance of tlie earth, to glide from 
under the fluid protuberance, and there v?ill in conse- 
quence be no friction, and no further loss of energy. 
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135. If the fate of the earth be ultimately I 
6 abundant 



e face always to the 



moon, we h 



evidence' I 



that this 



' fate has long e 



[ since overtaken the moon 
herself. Indeed, the much stronger effect of our earth 
upon the moon has produced this result, probably, even 
in those remote periods when the moon was chiefly fluid ; 
and it is a fact weU known, not merely to astronomers, 
but to all of us, that the moon nowadays turns always 
the same face to the earth.' No doubt this fate has long 
since overtaken the satellites of Jupiter, Saturn, and 
other lai^ planeta ; and there are independent indicationit^ 
that, at least in the case of Jupiter, the aatellitea ti 
always the same face to their primary, 

136. To come now to the energy of revolution of 
earth, in her orbit round the sun, we cannot help believ- 
ing that there is a material medium of some kind between 
the sun and the earth ; indeed, the undulatory theory of 
light requires this belief. But if we believe in such a 
medimn, it is difficult to imagine that its presence will 
not ultimately diminiah the motion of revolution of the 
earth in her orbit ; indeed, there is a strong scientific 
probability, if not an absolute certainty, that such will be 
the ease. There is even some reason to think that the 
energy of a comet of small period, called Encke's comet, is 
gradually being stopped from this cause ; in fine, there can 
be hardly any doubt that the cause is really in operation, 

* This explanatioQ wbb Srst giTcn b; Profeseorg Thomson and Tuit in 
their Natural Fhiloaoph;, and b; Dr. Franklaod in a lecture at the Kojril I 
Inoti Cation of Land en. 
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' and will ultimately affect the motions of the planets and 
. other heavenly hodiea, even although its rate of action 
r may be so slow that we are not able to detect it. 

We may perhaps generalize by saying, that wherever 

' in the universe there is a. differential motion, that is to 

Bay, a motion of one part of it towards or from another, 

then, in virtue of the subtle medium, or cement, that binds 

the various parts of the universe together, this motion is 

tnot unattended by something like friction, in virtue of 
which the differential motion will ultimately disappear, 
while the loss of energy caused by its disappearance will 
assume the form of heat 

137. There are, indeed, obscure intimations that a con- 
version of this kind is not improbably taking place in the 
I Bolar system ; for, in the sun himself, we have the matter 
I near the equator, by virtue of the rotation of our lumi- 
[ nary, eanied alternately towards and from the various 
[ planets. Now, it would seem that the sun-spots, or 
atmospheric disturbances of the sun, affect particularly 
I his equatorial regions, and have likewise a tendency to 
I attain their maximum size in that position, which is as 
f, fij away as possible from tho inflnentiaJ planets, such as 
f Mercury or Venus;* so that if Venus, for instance, 
I were between the earth and the sun, there would be few 
r Bun-apota in the middle of the sun's disc, because that 
I would be the part of the sun nearest Venus. 



* 8n De La Bae, Stewart, and Loew^'a reEearohea oi 
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But if the planets influence sun-spots, the action is no 
doubt reciprocal, and we have much reason to believe that 
sun-spots influence, not only the magnetism, but alao the 
meteorology of onr earth, so that there are most displays 
of the Aurora Borealis, as well as moat cyclones, in those 
years when there are most Bun-spots. * Is it not then 
possible that, in these strange, mysterious phenomena, 
we see traces of the machinery by means of which the 
differential motion of the solar system is gi'adually being 
changed into heat ? 

138. We have thus seen that visible energy of act'jal 
motion is not unfreqnently changed into visible energy of 
[josition, and that it is also very often ti-ansformed into 
absorbed heat We have now to state that it may like- 
wise be transformed into elech-ical separation. Thus, when 
an ordinary electrical machine is in actioJi, considerable 
labour is spent in turning the handle ; it is, in truth, 
border to turn than if no electricity were being produced — 
iu other words, part of the energy which is spent upon 
the machine goes to the production of electrical separation. 
There are other ways of generating electricity besides the 
frictiona! method. If, for instance, we bring an insulated 
conducting plate near the prime conductor of the electrical 
machine, yet not near enough to cause a spark to pass, 
and if we then touch the insulated plate, we shall find it, 
after contact, to be charged with an electricity the oppo- 

• Sea the Magnetic Reiearches of Sir £. Babine, aUoC. Meldnunoa 
the Periodicity of Cjcloues. 
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' site of that in the machine; we may then remove it 
and make use of this electricity. 

It requires a little thought to see what labour we have 
spent in this process, We must bear in mind that, by 
touching the plate, we have carried off the electricity of 
the same name as that of the machine, so that, after 
touching the insulated plate it is more strongly attracted 
to the conductor than it was before. When we begin to 
remove it, therefore, it will cost ns an effort to do so, and 
the mechanical energy which we spend in removing it 
will account for the enei^ of electrical separation which 
we then obtain. 

139. We may thus make use of a small nucleus of 
electricity, to assist us in procuring an unlimited supply, 
for in the above process the electricity of the prime con- 
ductor remains imaltered, and we may repeat the 
operation as often as we like, and gather together a very 
large quantity of electricity, without finally altering the 
electricity of the prime conductor, but not, however, 
without the expenditure of an equivalent amount of 
energy, in the shape of actual work. 

UrO. While, as we have seen, there is a tendency in all 
motion to be changed into heat, thei-e is one instance 
where it is, in the first place at least, changed into a cujTSTrf 
of electricity. We allude to the case where a conducting 
substance moves in the presence of an electric current, or 
of a magnet. 

In Art. 104 we found that if one coil connected with a 
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battery were quickly moved into the presence of another 
coil cdiineeted with a galvanometer, an induced current 
would be generated in the latter coil, and would affect 
the galvanometer, ita direction being the reverse of that 
passing in the other. Now, an electric current implies 
energy, and we may therefore conclude that some other 
foiTU of energy must be spent, or disappear, in order to 
produce the current which is generated in the coil' 
attached to the galvanometer. 

Again, we learn from Art. 100 that two currents going 
in opposite directions repel one another. The current 
generated in the coil attached to the galvanometer or. 
secondary current will, therefore, repel the primary 
current, which is moving towards it ; this repulsion will 
cither cause a stoppage of motion, or render necessary 
the expenditure of energy, in order to keep up the 
motion of this moving coiL We thus find tliat two 
phenomena occur simultaneously. In the first place, 
there is the production of energy in the secondary coil, 
in the shape of a current opposite in direction to 
that of the primary coil ; in the next case, owing ,to 
the repulsion between this induced cuiTent and the 
primary ouiTent, there is a stoppage or disappearance of 
the energy of actual motion of the moving coiL We 
have, in fact, the creation of one species of enei'gy, and at 
the same time the disappearance of another, and thus we 
see that the law of conservation is by no means broken. 

141. We see also the necessaiy connection between 
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f two electrical laws described in Arts. XOO and 104. In- 
I deed, Lad these laws been other than what they are, the 
I piiuciple of conservation of energy would have been 
I broken. 

For iusta^nce, bad the induced current in the case now 
mentioneil been in the same direction as that of the 
primary, the two currents would have attracted each 
other, and thus there would have been the creation of a 
secondary current, implying energy, in the coil attached 
to the galvanometer, along with an increase of the visible 
energy of motion of the primary current — that is to say, 
instead of the creation of one kind of energy, accom- 
panied with the disappearance of another, we should 
have had the simultaneous creation of both ; and thus 
the law of conservation of energy would have been 
broken. 

We thus see that the principle of conservation enables 

13 to deduce the one electrical law from the other, and 

this ia one of the many instances which strengthen oni' 

belief in the truth of the great principle for which we 

re contending. 

142. Let us next consider what will take place if we 

I cause the primary current to move from the secondary 

' coil instead of towards it 

In this case we know, from Art. lOi, that the induced 

current will be in the same direction as the primary, 

' while we are told by Art. 100 that the two currents will 

now attract each other. The tendency of this attraction 
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will be to stop the motion of the primary current froi 
the secondary one, or, in other worda, tliere will be a 
appearance of the energy of visible motion, whQe at the 
same time there ia the production of a current. In both 
cases, therefore, one form of energy diaappeara while 
another takes its place, and in both there will be a 
perceptible resistance experienced in moving th( 
primary coil, whether towards the secondary or from it 
Work will, in faet, have to be spent in both operatioi 
and the outcome of this work or energy will be the pi 
duction of a current in the first place, and of heat in the 
second; for we leam from Art. 98 that when a current 
passes along a wire its energy is generally spent in heating 
the wire. 

We have thus two phenomena occurring together, 
the first place, in moving a current _of electricity to 
from a coil of wii-e, or any other conductor, or (which is 
the same thing, since action and reaction are equal and 
opposite) in moving a cod of wire or any other con- 
ductor to and from a current of electricity, 
of resistance will be esperionced, and energy will hai 
to be spent upon the process ; in the second place 
electrical cun'ent will be generated in the conductor, 
the conductor will be heated in consequence. 

143. The result will be rendered very prominent if 
we cause a metallic top, in rapid rotation, to spin 
two iron poles, which, by means of the battery, we 
suddenly convert into the poles of a powerful eleol 



both 
rhile 1 

.S 

ionei^^H 
pio^H 
ithe^^ 

■rent 
lating I 

o anc^^^^ 
ieh ia ' 




TRANSMUTATIONS OF ENERGY. 



103 



magnet. When this change is made, and the poles be- 
Bcome magnetic, the motion of the top is very speedily 
l>rought to rest, just as if it had to encounter a species 
invisible friction. This curious result can easily be 
Pexplained. We have seen from Art 101 that a ma^et 
resembles an assemblage of electric currents, and in the 
metallic top we have a conductor alternately approaching 
these currents and receding from them ; and hence, ac- 
cording to what has been said, we shall have a series of 
secondary currents produced in the conducting top which 
_ will stop its motion, and which will ultimately take the 
e of heat. In other words, the visible energy of the 
Eiop will be changed into heat just as truly as if it were 
Ketopped by ordinary friction 

144 The electj'icity induced in a metallic conductor, 

moved in the presence of a powerful magnet, has received 

(the name of Magneto-Electricity; and Dr. Joule has 

lade use of it as a convenient means of enabling him 

■ito determine the mechanical equivalent of heat, for it 

Kis into heat that the energy of motion of the conductor 

1 ultimately transformed. But, besides all this, these 

rents form, perhaps, the very best means of obtaining 

lectricity ; and recently very powerful machines have 

Jeen constructed by Wild and others with this view, 

145. These machines, when large, are worked by a 

i-engine,and their mode of operation is as follows: — 

l!rbe nucleus of the machine is a system of powerful 

lermanent steel magnets, and a conducting coil is made 
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to revolve rapidly in presence of these magnets. The 
current produced by this moving coil is then used in 
order to produce an extremely powerful electi-o-magnet, 
and finally a coil ia made to move with great rapidity 
in presence of this powerful electro-magnet, thus causing 
induced currents of vast strength. So powerful are these 
currents, that when used to produce the electric light, 
small print may be read on a dark night at the distance 
of two miles from the scene of operation I 

It thus appears that in this machine a double use is 
made of magneto-electricity. Starting with a nucleus 
of permanent maguetiam, the magneto-electric currents 
are used, in the first instance, to form & powerful electro- 
magnet much stronger than the first, and this powerfiil 
electro-magnet is again made use of in the same way as 
the first, in order to give, by means of magneto- 
electricity, an induced current of very great strength. 

146. There is, moreover, a very great likeness between 
a magneto-electric machine like that of Wild's for gene- 
rating electric currents, and the one which generates 
statical electricity by means of the method already de- 
scribed Art 139. In botlj cases advantage is taken of a 
nucleus, for in the magneto-electric machine we have 
the molecular currents of a set of permanent magnets, 
which are made the means of generating eno>mous 
electric currents without any permanent alteration to 
themselves, yet not without the expenditure of work. 

Again, in an induction machine for generating statica 
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electricity, we have an electric nucleus, such as we have 
supposed to reside in the prime conductor of a machine ; 
and advantage may bo taken, as we have seen, of this 
nucleus in order to generate a vast quantity of statical 
clecti'icity, without any permanent alteration of the 
nucleus, hut not without the expenditure of work, 

147- We have now seen under what conditions the 
visible energy of actual motion may bo changed— Istly, 
into energy of position ; 2ndly, into the two eneif^es 
which embrace absorbed heat ; Srdly, into electrical sepa- 
ration ; and finally into electricity in motion. As far as 
we know, visible energy cannot directly be transfoimed 
into chemical separation, or into radiant energy. 



Visible Energy of Position. 

14S. Having thus exhausted tlie transmutations of the 

energy of visible motion, we nest turn to that of 

IMsition, and find that it is transmuted into motion, but 

I not immediately into any other form of energy; we may, 

■ therefore, dismiss this variety at once from our oonsidera- 

, tion. 

Absorbed Heat. 
149, Coming now to these two forms of energy which 
embrace absorbed heat, we find that thia may be con- 
verted into (A) or actual visihle energy in the case of 
the steam-engine, the air-engine, and all varieties of heat 
engines. In the steam-engine, for instance, part of the 



106 



THE COSSERVATIOS OF ENEEGY. 



heat whieli passes through it disappears as heat, utterli 
and absolutely, to reappear as mechajiical effect. There 
is, however, one condition which must be rigidly ful- 
filled, whenever heat is changed into mechanical effect — 
there must be a difference of temperature, and heat will 
oTily he changed ■into ivm'k, -while it passes from a body 
of high temperature to one of low. 

Camot, the celebrated French physicist, has ingeniouslyj 
likened the mechanical power of heat to that of water, 
for just as you can get no work out of heat unless th( 
be a flow of heat from a higher temperature level to 
lower, so neither can you get work out of water unless 
be falling from a higher level to a lower, 

150. If we reflect that heat is essentially distributive 
in its nature, we shall soon perceive the reason for this 
peculiar law ; for, in virtue of its nature, heat is always 
rushing from a body of high temperature to one of low, 
and if left to itself it would distribute itself equally 
amongst all bodies, so that they would ultimately be- 
come of the same temperature. Now, if we are to coax 
work out of heat, we must humour its nature, for it may 
be compared to a pack of schoolboys, who are always 
ready to run with sufficient violence out of the school- 
room into the open fields, but who have frequently to be 
dragged back with a very considerable expenditure of 
energy. So heat will not allow itself to be confined, 
but will resist any attempt to accumulate it into a 
limited space. Work cannot, therefore, be gained 
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I BucK an operation, but must, on the contrary, be spent 
I apon the process. 

151. Let U3 now for a moment consider the case of an 
I enclosui-e in which everything is of the same temperature. 
1 Here wc have a dull dead level of heat, out of which it 
■ will he impossible to obtain the faintest semblance of 
f work. The temperature may even be high, and there 
I may be immense stores of heat energy in the enclosure. 
t but not a trace of this ia available in the shape of work. 
' Taking up Camot'a compaiisoUj the water has already 

fallen to the same level, and lies there without any 
power of doing useful work — dead, in a sense, aa far as 
visible energy is concerned. 

152. We thus perceive that, firstly, we can get work 
out of heat when it passes from a higher to a lower 
temperature, but that, secondly, we must spend work upon 
it in order to make it pass from a lower temperature to a 
higher one ; and that, thirdly and finally, nothing in the 
shape of work can be got out of heat which is all at the 

I same temperature level. 

What we have now said enables us to realize the con- 
[ ditions under which all heat engines work. The essential 
I point about such engines is, not the possession of a 
I cylinder, or piston, or fly wheels, or valves, but the 
session of two chambers, one of high aud the other 
I ^ low temperature, while it performs work in the process 
[ of carrying heat from the chamber of high to that of low 
[ temperature. 
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Let US take, for example, the low-pressure engine. 
Here we have the boiler or cliamber of high, and the 
condenser or chamber of low, temperature, and the engine 
worka while heat is being carried from the boiler to the 
condenser — nsver while it is being carried from the con- 
denser to the boiler. 

In like manner in the locomotive we have the steam 
generated at a high temperature and pressure, and cooled 
by injection into the atmosphere. 

153. But, leaving formal engines, let us take 
ordinary fire, which plays in truth the part of an engi 
aa far as energy ia concerned. We have here the eold 
air streaming in over the floor of the room, and rushing 
into the fire, to be there united with cai-bon, while the 
rarefied product is carried up the chimney. Dismissing 
from our thoughts at present the process of combustion, 
except as a means of supplying heat, we see that there 
is a continual in-draught of cold air, which is heated by 
the iire, and then sent to mingle with the air above. 
Heat is, in fact, distributed by this means, or carried from 
a body of high temperature, i.e. the fire, to a body of low 
temperature, i.e. the outer air, and in this process of dis- 
tribution mechanical efiect is obtained in the up-rush 
of air through the chimney with considerable velocity. 

154. Our own earth is another instance of such an 
engine, having the equatorial regions as its boiler, 
and the polar regions aa its condensers ; for, at 
the equator, the air is heated by the direct rayi 
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of the sun, and we have there an ascending current of 
air, up a chimney as it were, the place of which ia sup- 

-plied by an in-draught of colder air along the ground 
r floor of the world, from the poles on both sides. Thug 
She heated air makes its way from the equator to the 
poles in the upper regions of the atmosphere, while the 
cold air makes its way from the poles to the equator 
along the lower regions. Very often, too, a^jueous vapour 
as well as air ia carried up by means of the sun's heat 
to the upper and colder atmospheric regions, and there 
deposited in the shape of rain, or hail, or snow, which 
ultimately finds its way back again to the earth, often 
displaying in its passage immense mechanical energy. 

f Indeed, the mariner who hoists his sail, and the miller 
who grinds his com (whether he use the force of the 

Pwind or that of running water), ai^e both dependent 
upon this great earth-engine, which is constantly at work 
producing mechanical effect, but always in the act of 
carrying heat from its hotter to its colder regions. 

»155, Now, if it he essential to an engine to have two 
chambers, one hot and one cold, it is equally important 
that there should be a considerable temperature differ- 
ence between the two. 

If Nature insists upon a difference before she will give 
us work, we shall not be able to pacify her, or to meet 
her requirements by making this difference as small as 
possible. And hence, cceteris jiar-ibus, we shall obtain a 

tater proportion of work out of a certain amount of 
- ■ ■ 
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heat passing through our engin3 when the temperature 
difference between ita boiler and condenser is as great 
as possible. In a steam-engine this difference cannot 
be very great, because if the water of the boiler were at 
a very high temperature the pressure of its steam would 
become dangerous; but in an air-engine, or engine that 
heats and cools air, the temperature difference may be 
much larger. There are, however, practical inconveniences 
in engines for which the temperature of the boiler ia 
very high, and it is possible that these may prove so 
formidable as to turn the scale against such engines, 
although in theory they ought to be very economical 

156. The principles now stated have been employed by 
Professor J, Thomson, in hia suggestion that the appli- 
cation of pressure would be found to lower the freezing 
point of water ; and the truth of this suggestion was after- 
wards proved by Professor Sir W. Thomson. The fol- 
lowing was the reasoning employed by the former : — 

Suppose that wo have a chamber kept constantly at 
the temperature 0° C, or the melting point of ice, and 
that we have a cylinder, of which the sectional area 
is one square metre, tilled one metre in height with 
water, that ia to say, containing one cubic metre of 
water. Suppose, next, that a well-fitting piston ia 
placed above the surface of the water in this cylinder, 
and that a considerable weight is placed upon the piston. 
Let us now take the cylinder, water and all, and carry 
it into another room, of which the temperature is just 
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I a trifle lower. In course of time the water will freeze, 
I and, as it expand.9 in freezing, it will push up the pbton and 
weight about ^ths of a metre ; and we may suppose 
that the piston is kept fastened in thia position by means 
of a peg. Now carry back the machine into the first 
room, and in the course of time the ice will be melted, 
and we shall have water once more in the cylinder, but 
there will now be a void space of i^^tha of a metre 
between the piston and the sur&ce. We have thus ac- 
quired a certain amount of enei^ of position, and we 
have only to pull out the peg, and allow the piston with 
I its weight to fall down through the vacant space, in order 
I to utUize this energy, after which the arrangement is ready 
I to start afresh. Again, if the weight be very great, the 
f energy thus gained will be veiy great ; in fact, the energy 
[ wiU vary with the weight. In fine, the arrangement 
V described is a veritable heat engine, of which the 
I chamber at 0° C. corresponds to the boiler, and the other 
■ chamber a trifle lower in temperature to the condenser, 
[ while the amount of work we get out of the engine— or, in 
L other words, its efficiency — will depend upon the weight 
I wliich is raised through the space of ^b^hs of a metre, 
Lbo that, by increasing this weight without limit, we may 
lincrease the efficiency of our engine without limit. It 
f would thus at first sight appear that by this device of hav- 
ing two chambei-s, one at 0''C., and the other a trifle lower, 
we can get any amount of work out of our water engine ; 
and that, consequently, we have managed to overcome 
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NatuiE. But here Thomson's law come into opei'ation, 
showing that wo cannot overcome Nature by any such 
device, but that if we have a iarge weight upon our 
pLstoHj we mu3t have a propoiiionaUy large difference of 
temperature between our two chambers — that is to say, 
the freezing point of water, under great pressure, will be 
lower in temperature than ite freezing point, if the 
pressure upon it he only small 

Before leaving this subject we must call upon our 
readers to realize what takes place in all heat engines. 
It is not merely that heat produces mechanical effect, 
hut that a given quantity of heat absolutely passes out 
of exiatence as heat in •producivg its equivalent of worh 
If, therefore, we could measure the mere heat produced 
in an engine by the burning of a ton of coals, we 
should find it to be less when the engine was doing 
work than when it was at rest. 

In like manner, when a gas expands suddenly its 
temperature falls, because a certain amount of its heat 
passes out of existence in the act of producing mecbi 
cal effect 

157. We have thus endeavoTired to show under win 
conditions absorbed heat may be converted into niechani- 
cal effect. This absorbed heat embraces (Art 110) two 
varieties of energy, one of these being molecular motion, 
and the other molecular energy of position. 

Let us now, therefore, endeavour to ascertain under 
what circumstances the one of these varieties may be 



■ its 
hea^^J 



TI1A1.-SMUTATI0NS OF ENERGY. 



113 



cliangetl into tlie other. It is well known that it takes 
a good deal of heat to convert a kilogramme of ice into 
water, and that when the ice is melted the temperature 
of the water is not perceptibly higher than that of the 
ica It is equally well known that it takes a great deal 
of heat to convert a kilogramme of boiling water into 
steam, and that when the transformation is accomplished, 
the steam produced is not perceptibly hotter than the 
boiling water. In such cases the heat is said to become 
latent. 

Now, in both those cases, but more obviously in the 
last, we may suppose that the heat has not had its usual 
office to peiform, but that, instead of inci'easing the 
motion of the molecules of water, it has spent its energy 
in tearing them asunder from each other, against the 
force of cohesion which binds them togetlier. 

Indeed, we know hr a matter of fact that the force of 
cohesion which is perceptible in boiling water is ap- 
parently absent from steam, or the vapour of water, becau.se 
its molecules are too remote from one another to allow of 
Uiis force being appreciable. We may, therefore, suppose 
that a large part, at least, of the boat necessary to con- 
vert boiling water into steam is spent in doing work 
against molecular forcea 

When the steam is once more condensed into hot water, 
the heat thus spent reassumes the form of molecular 
motion, and the consequence is that we require to take 
away somehow all the latent heat of a kilogramme of 



11-t THE CONSERVATION OF ENERGY. 

steam before we can convert it into boiling water. In 
fact, if it is difficult and tedious to convert water into 
steam, it is difficult and tedious to convert steam into 
water. 

15S. Besides the case now mentioned, there are other 
instances in which, no doubt, molecular separation 
becomea gi'adually changed into heat motion. Thus, 
when a piece of glass has been suddenly cooled, its par- 
ticles have not had time to acquire their proper position, 
and the eonaequenco is that the whole structure is thrown 
into a state of constraint In the course of time such 
bodies tend to a-ssume a more stable state, and their 
particles gradually come closer together. 

It is owing to this cause that the bulb of a thermo- 
meter recently blown gradually contracts, and it is no 
doubt owing to the same cause that a Prince Rupert's 
drop, formed by dropping melted glass into water, when 
broken, falls into powder with a kind of explosion. It 
seems probable that in all such cases these changes are 
attended with heat, and that they denote the conversion 
of the energy of molecular separation into that of 
molecular motion 

159. Having thus examined the transmutations of (Q 
into (D), and of (D) back again into (C), let us now 
proceed with oui- list; and see under what circiunstanoc 
absorbed heat is changed into chemical separatioTi. 

It is well known that when certain bodies are hea 
they are decomposed ; for instance, if limestone or i 
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Vinate of lime be heated, it i3 decomposed, tiio carbonie 
acid being given out in the shape of gas, wliile quick- 
lime remains behind. Now, heat ia consumed in this 
process, that is to say, a, certain amount of heat energy 
absolutely passes out of existence as Jieat and ia changed 
into the energy of chemical separation. Again, if the 
lime so obtained be exposed, under certain circuro- 
stances, to an atmosphere of carbonic acid, it will 
gradually become changed into carbonate of lime ; and in 
this change (which is a gradual one) we may feci assm'cd 
that the energy of chemical sepai'ation is once more con- 
verted into the energy of heat, although we may not per- 
ceive any increment of temperature, on account of the 
Blow nature of the process. 

At very high temperatures it ia possible that most 
compounds are decomposed, and the temperature at 
which this takes place, for any compound, has been 
termed its temperature of diaassaciation. 

ICO, Heat enei^ is changed into electrical separation 
when tourmalines and certain other ciystals are heated. 

Let us take, for instance, a crystal of tourmaline and 
raise its temperature, and we shall find one end positively, 
and the other negatively, electrified. Again, let us take 
the same crystal, and suddenly cool it, and we sliall find 
an electrification of the opposite kind to the former, so 
that the end of the asis, which was then positive, will 
now be negative. Now, this separation of the electricities 
denotes energy ; and we have, therefore, in such crystals 
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a ease where the energy of heat haa been changed in) 
that of electrical separation. In other words, a cei 
amount of heat has passed out of e^tence a« 
while in ita place a certain amount of electrical sepj 
tioQ has been obtained. 

161. Let us next .see under what circumstances heat is 
changed into ehcU-icity in tnotion. Thia transmutation 
takes place in thermo-electricity. 

Suppose, for instance, that we have a bar of copper or 
antimony, say copper, soldered 
to a bar of bismuth, as in Fig 
12. Let U3 now heat one 
the junctions, while the otht 
remains cooL It will he found 
tliat a current of positive elec- 
tricity circulates round the 
Fig. 12. bar, in the dii'ection of 

arrow-head, going from the bismuth to the copper a 
the heated juoction, the existence of which may 
detected by means of a compass needle, as we see in thfl 
figure. 

Here, then, we have a case in wliich heat energ 
goes out of existence, and is converted into tLat of a 
electric current, and wc may even arrange mattert 
so as to make, on thia principle, an instrument whiel 
shall bo an extremely delicate teat of the existence c 
heat. 

By having a number of junctions of bismuth anda 
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■antimony, as in Fig. 13, and heating tlic uppei- set, while 
the lower remain cool, we get a 

strong current going from the bis- 
muth to the antimony across tho 
heated junctions, ajid we may pass 
the current so produced round the 
wire of a galvanometer, and thus, 
by increasing the number of our 
junctions, and also by using a very ^v 
delicate gaivanoraeter, we may get ^ 
a very perceptible effect for the 
smallest heating of the upper junctions, 
ment is called tlie thermopile, and, in conjunction with 
tlie I'cflecting galvanometer, it affords tho most delicate 
means known for detecting small quantities of heat. 

1G2. The last transmutation on our list with respect to 
absorbed heat is that in which this species of energy is 
transformed into radiant light and heat This takes 
place whenever a hot body cools in an open space — the 
Bun, for instance, parts with a large quantity of his heat 
in this way ; and it is duo, in pai-t at least, to this process 
that a hot body cools in air, and wholly to it that such a. 
body coola in vacuo. It is, moreover, due to the pene 
tration of our eye by radiant energy that we are able to 
oce hot bodies, and tlius the very fact that wo see them 
implies that they are parting with thcii' heat 

Radiant energy moves throiigh space with the enormous 
velocity of 188,000 miles in one second. It takes about 
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eight minutes to come from the sun to our earth, so thi 
if our luminary were to be suddenly extinguished, i 
should liave eight minutes, respite before the catastropl 
overtook us. Besides the rays that affect tho eye, ther 
are others which we cannot sec, and which may therefot^ 
be termed dark rays. A body, for instance, may not b 
hot enough to be self-luminous, and yet it may be rapidlw 
cooling and changing its heat into radiant energy, whiol 
is given off by the body, even although neither the ey^ 
nor the touch may be competent to detect it. It e 
nevertheless be detected by the thermoj^le, which was9 
described in Art, 101. We thus aee how strong is the 
likeness between a heated body and a sounding one. 
For just as a sounding body gives out pai't of its soui 
energy to the atmosphere around it, so dooa i 
body give out part of its heat energy^ to the ethere 
medium around it. When, however, we consider i 
rates of motion of these energies through their 
speetive media, there is a mighty difierence bctwet 
the two, sound travelling through the air with the 
velocity of 1100 feet a second, wl]de radiant energy 
moves over no leas a space than 188,000 miles in tho_ 
same portion of tima 

Cliemical Separation. 

1G3. "We now come to the energy denoted by chemicfl 

separation, such as wo possess when wo liavo cool ( 

carbon in ono place, and oxygen in another. "V 
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tently this form of energy of position is transmuted into 
^£at when we bum the coal, or cause it to combine with 
the oxygen of the air; and generally, whenever chemical 
combination takes place, we have the production of heat, 
even although other circumstances may interfere to pre- 
;Vent ita recognition. 

Now, in accordance with the principle of conservation, 
ft may be expected that, if a definite quantity of carbon 
iOr of hydrogen be burned under given circumstances, 
there will be a definite production of heat ; that is to 
say, a ton of coals or of coke, when burned, will give us 
so many heat units, and neither more or less. We may, 
no doubt, bum our ton in such a way as to economize 
more or less of t!ie heat produced ; but, as far as the mere 
production of heat is concerned, if the quantity and 
quality of the material burned and tlie circumstances of 
combustion be the same, we expect the same amount of 
heat. 

1G4>. The following table, derived from the researches 
of Andrews, and those of Favre and Silbermann, shows 
us how many units of heat we may get by burning a. 
kilogramme of various substancea 

Units 0/ Hrat developed by Cdmbubtion in 0:!I0ES, 

KilograniniBS of Water raiied 1° 0. 
Gnbetance bj the combnation of one kilo- 

Burned. gramme of each EnbBtanco. 

Hydrogen 34.135 

Carljon 7,000 

Sulphur 2,263 
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Kilognimmei of Water raieed 1° C. 
Sabstance bj the catnbnetion of one kilo. 

Bnrned. gramme aC each snbstance. 

Phosphorus 5,747 

Zinc 1,301 

Iron 1,576 

Tin 1,233 

OlefiantGas 11,900 

Alcohol 7,016 

1,63. There are other methods, besides combustion, ' 
■which chemical combination takes place. 

When, for instance, we plunge a piece of metallic 
into a solution of copper, we find that when we take i 
out, its surface is covered with copper. Pait of the iron 
has been dissolved, taking the place of the copper, which 
has therefore been thrown, in its metaUie state, upon the 
surface of the iron. Now, in thia operation heat is given 
out — we have in fact burned, or oxidized, the iron, and 
we are thus furnished with a means of arranging I 
metals, beginning with that which gives out most hei 
■when used to displace the metal at the other extrei 
of the series. 

166. The following list has been formed, on this { 
ciple, by Dr Andrews : — 

1. Zinc 5. Mercury 

2. Iron 6. Silver 

3. Lead 7. Platinum 

4. Copper 
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—that 13 to 8ay, the metal platinum can be displaced by 
Sany other metal of the series, but we shall get most heat 
[if we iise zinc to displace it, 

We may therefore assume that if we displace a defi- 

I'tiite quantity of platinum by a definite quantity of Jdnc, 

KWe sliall get a definite amount of heat. Suppose, 

I however, that instead of performing the operation in one 

r fltep, we make two of it. Let us, for instance, first of all 

displace copper by means of zinc, and then platinum by 

means of copper. Is it not possible that the one of these 

processes may be more fniitful in heat giving than the 

other ? Kow, Andrews has shown us that we cannot 

gain an advantage over Nature in this way, and that if 

\ we use our zinc first of all to displace iron, or copper, or 

I' lead, and then use this metal to displace platinum, we 

" shall obtain just the very same amount nf heat as if we 

had used the zinc to displace the platinum at once. 

167. It ought here to be mentioned that, very generally, 
. chemical action is accompanied with a cliange of 
I molecular condition. 

A solid, for instance, may be changed into a liquid, 
I <n: a gas into a liquid. Sometimes the one change 
B counteracts the other as far as apparent heat b concerned; 
I but sometimes, too, they co-operate together to increase 
T ihe result. Thus, when a gas is absorbed by water, 
[ much heat is evolved, and we may suppose the result 
) due in part to chemical combination, and in part 
I to the condensation of the gas into a hquid, by whicli 
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means its latent heat ia rendered sensible. On 
other hand, when a liquid unites with a solid, or whi 
two aolida unite with one another, and the prodi 
ia a liquid, we have Tery often the al 
heat, the heat rendered latent by the dissolution 
the solid being more than that generated by combina- 
tion. Fi-eezing mixtures owe their cooling properties 
to this cause; thus, if snow and salt be mixed to-, 
gether, they liquefy each other, and the result ia hi 
of a temperature much lower than that of either 
ingredients. 

16S. When hotei'c^neous metals, such as zinc 
copper, are soldered together, we have apparently 
conversion of the energy of chemical separation into 
that of dedricaX aeparation. This was first suggested 
by Volta as the origin of the electrical separation which 
we see in the voltaic current, and recently its existei 
has been distinctly proved by Sir W. Thomson. 

To render manifest this conversion of energy, let 
solder a piece of zinc and copper together — if we 
test the bar by means of a delicate electrometer we 
find that the zinc is positively, while the copper is 
tivelj', electrified. We have here, therefore, an inal 
of the transmutation of one form of energy of positit 
into another; so much energy of chemical scparatit 
disappearing in order to produce so much electrical se] 
ration. This explains the fact recorded in Art. 
where we saw that if a batt/'iy be insulated and its poll 
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lept apart, the one will be charged with positive, and 
the other with negative, electricity. 

^1C9. But fiuther, when such a voltaic battery ia in 
iLction, we have a transmutation of chemical separation 
into electricity in Tnotion. To see this, let us consider 
what takes place in such a battery. 

Here no doubt the sources of electrical excitement are 
the points of contact of the zinc and platinum, where, as 
we see by our last article, we have electrical separation 
produced But this of itself would not produce a 
cuiTent, for an electrical current implies very consider- 
able energy, and must be fed by something. Now, in 
the voltaic battery we have two things which ac- 
I company each other, and which are manifestly con- 
I nected together. In the first place we have the com- 
P bustion, or at least the oxidation and dissolution, of 
the zinc ; and we have, secondly, the production of a 
powerful current. Now, evidently, the first of these is 
that which feeds the second, or, in other words, the 
L energy of chemical separation of the metaltic zinc ia 
m transmuted into that of an electrical current, the zinc 
r being virtually turned in the process of transmutation. 
170. Finally, as far as we are aware, the energy of 
chemical separation is cot directly transm'jted into 
radiant light and heat. 
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we know (Art. 104) that when a circuit is moved into 
the presence of another circuit conveying a current, 
there ia produced by induction a current in the opposite 
direction ; and hence we perceive that, when two similar 
eurrenta approach each other, each is diminished hy 
means of this inductive influence — in fact, a certain 
amount of current energy disappeai-s from existence 
in order that an equivalent amount of the energy of 
visible motion may be produced. 

- 174, Electricity in motion is transmuted into kcat 
during the passage of a current along a thin wire, or any 
badly conducting substance — the wire- is heated in con- 
sequence, and may even become white hot. Most 
frequently the energy of an electric current is spent in 
heating the wires and otlier materials that form the 
circuit. Now, the energy of such a current is fed by the 
burning or oxidation of the metal (generally zinc) which 
ia used in the circuit, so that the ultimate effect of this 
combustion ia the heating of the various wires and other 
materials through which the current passea 

175. We may, in truth, bum or oxidize zinc in two 
ways — we may oKidizo it, as we liave just seen, in the 
voltaic battery, and we shall find that by the combustion 
of a kilogramme of zinc a definite amount of heat is 
produced. Or we may oxidize our zinc by dissolving it 
in acid in a single vessel, when, without going through the 
intermediate process of a current, we shall get just aa 
much heat out of a kilogramme of zinc as we did in the 
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foniier case. In fact, whether we oxidize our zinc by the 
battery, or in the ordinary way, the quantity of heat 
produced will always bear the same relation to the 
quantity of zinc consumed; tlie only difference being 
that, in the ordinary way of oxidizing zinc, the heat is 
generated in the vessel containing the zinc and acid, 
while in tJie battery it may make its appearance a 
thousand miles away, if we have a sufficiently long 
to convey our current 

176. This is, perhaps, the right place for alluding 
discovery of Peltier, that a cuirent of positive eloctricil 
passing across a junction of bismutli and antimony in 
the direction from the bismuth to the antimony appears 
to produce cold. 

To understand the significance of this fact we must 
consider it in connection with the thermo-electric 
current, which we have seen, fi'om Ari 161, is established 
in a circuit of bismuth and antimony, of which one 
junction is hotter than the other. Suppose we Lave 
j^ circuit of this kind with both ita junci 

at the temperature of 100° C. to begin wii 
Suppose, next, that while we protect 
junction, we expose the other to the open 
air — it will, of course, lose heat, so that 
the protected junction will now be hotter 
than the other. The consequence will be 
(Art, 161) that a current of 
tricity will pass along the protected 
tion from the bismuth to the antimony. 
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Now, here we have an apparent anomaly, for the 
cireuit is cooling — that ia to say, it is losing energy 
— but at the very same time it is manifesting energy 
in another shape, namely, in that of an electric current, 
which is circulating round it Clearly, then, some of 
the heat of this circuit must be spent in generating 
this current; in fact, we should expect the cireuit to 
act as a heat engine, only producing current energy 
instead of mechanical energy, and hence {Art 152) we 
should expect to see a conveyance of heat from the 
hotter to the colder parts of the circuit Now, this is 
precisely what the current does, for, passing along the 
hotter junction, in the direction of the arrow-head, it 
cools that junction, and heats the colder one at C, — in 
other words, it carries heat from the hotter to the colder 
paits of the circuit. We should have been very much 
surprised had such a current cooled C and heated H, 
for then we should have had a manifestation of current 
energ}', accompanied with the conveyance of heat from a 
colder to a hotter substance, which is against the principle 
of Art. 152. 

177. Finally, the energy of electricity in motion is 
converted into that of chemical 8epa,ration, when a 
current of electiicity is made to decompose a body. 
Part of the energy of the cuiTcnt is spent in this process, 
and we shall get so much less heat from it in conse- 
quence. Suppose, for instance, tliat by oxidizing so 
^^ffiuch zinc in the battery we get, under ordinary cii'cum- 



123 THE CONSERVATION OF ENEEGY. 

stances, 100 units of heat. Let ua, however, set the 
battery to decompose water, and we shall probably find 
that by oxidizing the same amount of zinc we get now 
only 80 units of heat. Clearly, then, the deficiency or 
20 units have gone to decompose the water. Now, if we 
explode the mixed gasea which are the result of the 
decomposition, we shall get back these 20 units of 
heat precisely, and neither more nor less ; and thus we 
see that anud all such changes the quantity of 
J the sama 



Radiant Entrgy. 

178. This form of energy is converted into ahmvhed 
heai whenever it falls upon an opaque substance — some of 
it, however, is generally conveyed away by reflexion, but 
the remainder is absorbed by the body, and consequently 
heats it 

It is a curious question to ask what becomes of 
radiant hght from the sun that is not absorbed either 
the planets of our system, or by any of the stars. 
can only reply to such a question, that as far as we 
judge from our pi'esent knowledge, the radiant 
that is not absorbed must be conceived to be travel 
spaee at the rate of 188,000 miles a second. 

179. There is only one more transmutation of 
energy that we know of, and that ia when it promoi 
chemical separation. Thus, certain rays of the 
known to have the power of decomposing chloride 
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r silver, and other cliemical compounds. Now, in all such 
I cases there is a transmutation of radiant energy into 
[ that of chemical separation. The sun's rays, too. decom- 
I pose carbonic acid in the leaves of plants, the carbon 
I going to fonn the woody fibre of the plant, while the 
I oxygen in set free into the air; and of course a certain 
I proportion of the energy of the solar rays is consumed 
1 promoting this change, and we have so much less 
heating effect in consequence. 

But all the solar rays have not this power — for the 
property of promotuig chemical change ia confined to the 
blue and violet rays, and some others which are not 
visible to the eye. Now, these rays axe entirely absent 
from the radiation of bodies at a comparatively low 
temperatui'c, such as an ordinary red heat, ao that a 
photographer would find it impossible to obtain the 
picture of a red-hot bofly, whose only light was in itaelf. 

180. The actinic, or chemically active, rays of the sun 
decompose carbonic acid in the leaves of plants, and they 

pear in consequence, or are absorbed ; this may, 
I therefore, be the reason why very few such rays are either 
I reflected or transmitted from a snn-Ut leaf, in eonae- 
I quence of which the photographer finds it difficult to 
I obtain an image of such a leaf; in other words, the rays 
I which would have produced a chemical change on his 
I photographic plate have all been used up by the leaf for 
r peculiar purposes of ita own. 

181. And here it is important to bear in mind tliat 
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while animals in the act of breathing consume the 
oxygen of the air, turning it into carbonic acid, plants, 
on the other hand, restore the oxygen to the air ; thus 
the two kingdoms, the animal and the vegetable, work 
into each other's hands, and the purity of the atmosphere 
is kept up. 



C 131 ) 



HISTORICAL SKETCH; THE BISSIPATIOIf OF 
ENEROT. 

182. In tlie last chapter we have endeavoured to ex- 
Lhibit the various transmutations of energy, and, while 
I doing BO, to bring forward evidence in favour of the 
I theory of conservation, showing that it enables us t« 

couple together known laws, and also to discover new 

I ones — showing, in fine, that it beai-a about with it all the 

I Duirks of a true hypothesis. 

It may now, perhaps, be inatructive to look back and 

I endeavour to trace the progress of this great conception, 
from its first beginning among the ancients, up to its 
triumphant establishment by the labours of Joule and 

I bis fellow- workers. 

183. Mathematicians inform us that if matter consists 
I of atoms or small parts, which are actuated by forcee 
idepending only upon the distances between these parts, 
rand not upon the velocity, then it may bo demonstrated 
I that the law of conservation of enei-gy will hold good 
I Thus we see that conceptions regarding atoms and their 
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forces are allicil to conceptions regarding energy, A 
medium of some sort pervading space seems also neces- 
sary to our theory. In fine, a universe composed of 
atoms, with some sort of medium between them, is to 
be regarded aa the machine, and the laws of energy as 
the laws of working of this machine. It may be that 
a theory of atoms of this sort, with a medium between 
them, ia not after all the aimpleat, but we are proba- 
bly not yet prepared for any more general hjfpothesis. 
Now, we have only to look to our own solar aystem, in 
order to see on a large scale an illustration of this concep- 
tion, for there we have the various heavenly bodies ati 
ing one another, with forces depending only on the 
tances between them, and independent of the velocities 
and we have likewise a medium of some sort, in virtue of 
which radiant energy is conveyed from the sun to the earth. 
Perhaps we shall not greatly err if we regard a molecule 
as representing on a email scale something analogous to 
the solar system, while the various atoms which con- 
stitute the molecule may be likened to the various bodies 
of the solar system. The short historical sketch which 
we are about to give will embrace, therefore, along witli 
energy, the progress of thought and speculation wH 
respect to atoms and also with respect to a medium, 
asmuch as these subjecta are intimately connected 
the doctrines of energy. 



mcep- _^ 
le dis^^H 



HISTOEICAL SKETCH. 133 

fferaclUue on Energy. 
ISi. Heraclitus, who flouriahed at Ephesus, B.c. 500, 
I declared that fire was the great cause^ and that all things 
I were in a perpetual flux. Such an expression will no 
L doubt be regarded as very vague in these days of pre- 
\ cise physical etatements ; and yet it seems clear that 
I Hera<ilitus must have had a vivid conception of the 
innate restlessness and energy of the universe, a coneep- 
I tion allied in character to, and only less precise than that 
t of modem philosophers, who regard matter as essentially 
' dynamical 

DevwcrituB on Atoms. 

185. Demoeritus, who was bom 470 B.C., was the 

I originator of the doctrine of atoms, a doctrine which in 

f the hands of John Dalton has enabled the human minji 

to lay hold of the laws which regulate chemical changes, 

a well as to picture to itself what is there taking place. 

, Perhaps there is no doctrine that has nowadays a more 

intimate connection with the industries of life than this 

of atoms, and it is probable that no intelh'gent director of 

I chemical industry among civilized nations fails to picture 

to his own mind, by means of this docti-ine, the inner 

nature of the changes which he sees with his eyes. Now, 

us circumstance that Bacon should have 

lighted upon this very doctrine of atoms, in order to 

point one of liia philosophical morals. 
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"Nor is it less an evil" (aayahe), "thafcintheirphilosophiBB 
and contemplations men spend, their labour in investigating 
and treating of the first principles of things, and the extreme 
limits of nature, when all that is usefnl and of avail in 
operation is to be fonnd in what is intermediate. Hence it 
happens that men continue to abstract Natnre till they arrive 
at potential and nnformed matter ; and again thej continue 
to divide Nature, until thoy have arrived at the atom ; things 
which, even if true, can be of little use in helping on the 
fortunes of men." 

Surely we ought to learn a lesson from these remarks 
of the great Father of experimental science, and be very 
cautious before we diamisa any branch of knowledge or 
train of thought as essentially unprofitabla 

Aristotle on a Medium. 

186. As regards the existence of a medium, it ia re- 
marked by Wbewell that the ancients also caught a glimpse 
of the idea of a medium, by which the qualities of bodies, 
as colours and sounds are perceived, and he quotes the 
following from Aristotle : — 

" In a void there could be no difference of up and down ; 
for, as in nothing there are no differences, so there are none 
in a privation or negation." 

Upon this the historian of science remarks, " It is 
easily seen that such a mode of reasoning elevates 
the familiar forma of language, and the intellectual con- 
nexions of terms, to a supremacy over facta." 

Nevertheless, may it not be replied that oui- conceptions 
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of matter are deduced fi'om the familiar experience, that 
certain portions of space affect us in a certain manner ; 
and, consecjuently, are we not entitled to say there must 
be something where we experience the difference of up 
or down ? Is there, after all, a very great difference 
between this argument and that of modem physicists in 
favour of a plenum, who tell us that matter cannot act 
where it is not ? 
L Aristotle seems also to have entertained the idea that 
■light is not any body, or the emanation of any body {for 
* tiiat, he saya, would be a kind of body), and that there- 
fore light is an energy or act 

The Ideas of the Ancients were not Prolifia 
187. These quotations render it evident that the 
•neients had, in some way, grasped the idea of the 
essential unrest and energy of things. They had also the 
idea of small particles or atoms, and, finally, of a medium 
of some sort And yet these ideas were not prolific — 
ttey gave rise to nothing new. 

Now, while the historian of science is unquestionably 
ight in his criticism of the ancients, that their idea.'^ 
tpere not distinct and appropriate to the facts, yet we 
ttave seen that they were not wholly ignorant of the 
most profound and deeply-seated principles of the mate- 
rial universe. In the great hymn chanted by Nature, the 
fundamental notes were early heard, hut yet it required 
long centuries of patient waiting for the practised ear of 
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the skilled musician to appreciate the mighty harmony 
aright Or, perliapa, the attempts of the ancients were 
as the sketches of a child who just contrives to ex- 
hibit, in a rude way, the leading outlines of a building ; 
while the conceptions of the practised physicist are more 
allied to those of the architect, or, at least, of one who 
has realized, to some extent, the architect's views. 

1S8. Theancients possessed great genius and intellectual 
power, but they were deficient in physical conceptions, 
and, in consequence, their ideas were not prolific. It 
cannot indeed he said that we of the present age are 
deficient in such conceptions ; nevertheless, it may be 
queationed whether there is not a tendency to rush into 
the opposite extreme, and to work physical conceptions to 
an excess. Let us be cautious that in avoiding Scylla, we 
do not rush into Chaiybdis. For the universe has more 
than one point of view, and there are possibly regions 
which will not yield their treasures to the most deter- 
mined physicists, armed only with kilogrammes and 
metres and standard clocks. 



Descartes, Nevjton, and Huyghens on a MediuTti, 
189. In modem times Descartes, author of the v^frtical 
hypothesis, necessarily presupposed the exbtence of a 
medium in inter-planetary spaces, but oa the other hand 
he was one of the originators of that idea which regards 
light as a series of particles shot out from a luminoua 
body. Newton likewise conceived the existence 
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medium, although he became an advocate of the theory of 
emiaaion. It is to Huyghena that the credit belongs of 
having firat conceived the undulatory theory of light 
■with sufficient distinctness to account for double refrac- 
tion. After him. Young, Freanel, and then- followers, 
have greatly developed the theory, enabling it to account 
for the most complicated and wonderful phenomena. 

Bacon on Heat 

190. With regard to the nature of heat. Bacon, what- 
ever may be thought of hia arguments, aeema clearly to 
have recognized it aa a speciea of motion. He says, 
" From these instances, viewed together and individually, 
the nature of which heat is the limitation aeema to be 
motion ; " and again he says, " But when we say of 
motion that it stands in the place of a genua to heat, we 
mean to convey, not that heat generates motion or motion 
heat (although even both may be true in some cases J, but 
that essential heat ha motion and notliing else." 

Nevertlielesa it required nearly three centuriea before 
the true theory of heat was sufficiently rooted to develop 
into a productive hypothesis. 

Principle of Virtual Veloeitiea. 

191. In a previous chapter we have already detailed 
the labours in respect of heat of Davy, Rumford, and 
Joule. Galileo and Newton, if they did not grasp the 
dynamical nature of heat, had yet a clear conception of 
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the functiona of a macMne. The former saw that wl 
■we gain in power we lose in space ; while the latter weaV, 
furtheTj and saw that a machine, if left to itself, ia Btrictly 
limited in the amount of work which it can accomplish, 
although its energy may vary from that of motion to 
that of position, and back again, according to the 
geometric laws of the machine. 

Mise of true ConceptionB regarding Work. 
192. There can, we think, be no question that the great 
development of industrial operations in the present age 
has indirectly farthered our conceptions regarding work. 
Humanity invariably strives to escape as much as 
possible from hard work. In the days of old those 
who had the power got slaves to work for them 
but even then the master had to give some kind 
equivalent for the work done. For at the very lowest 
slave is a machine, and must be fed, and is moreover apt 
to prove a very troublesome machine if not properly 
dealt with. The great improvements in the steam 
engine, introduced by Watt, have done sa much, perhaps, 
as the abolition of slavery to benefit the working man. 
The hard work of the world has been put upon iron 
shoulders, that do not smart; and, in consequence, we hava' 
had an immense extension of industry, and a great 
amelioration in the position of the lower classes of man- 
kind. But if we have transferred our hard work to 
machines, it is necessary to know how to question 
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machine — ^how to say to it. At what rate can you 
labour ? how much work can yon turn out in a day ? 
It is necessary, in fact, to have the clearest possible idea 
of what work is. 

Our readers will see from all this that men ai'e not 
likely to err in their method of meaauiing work. The 
principles of measurement have been stamped aa it were 
with a brand into the very heart and brain of humanity. 
To the employer of machinery or of human labour, a 
false method of measm-ing work simply means ruin ; he 
is likely, therefore, to take the greatest possible pains to 
an'ive at accuracy in hia determination. 

Perpetual Motion. 

193. Now, amid the crowd of workers smarting from 
the curse of labour, there rises up every now and then 
an enthusiast, who seeks to escape by means of an artifice 
fi'om this insupportable tyranny of work. Why not 
construct a machine tliat will go on giving you work 
without limit without the necessity of being fed in any 
way. Nature must have some weak point in her armour ; 
there must surely be some way of getting round her ; she 
is only tyrannous on the surface, and in order to stimulate 
our ingenuity, but will yield with pleasure to the per- 
sistence of genius. 

Now, what can the man of science say to such an 
enthusiast ? He cannot tell him that he is intimately 
acquainted with all the forees of Nature, and can prove 
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that perpetual motion is impossible; for, in truth, he 
knows very little of these forces. But he docs think 
that he has entered into the spirit and design of Nature, 
and therefore he denies at once the possibility of sudt.l 
a machine. But he denies it intelligently, and works J 
out this denial of his into a theory which enables him 
to discover numerous and valuable relations between the 
properties of matter — produces, in fact, the laws of energy 
and the great principle of conservation. 
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Theory of Conservation. 

19i. We have thus endeavoured to give a short atetc 
of the history of energy, including its allied problems, i 
to the dawn of the strictly scientific peiiod. We havd 
seen that the unfraitfulness of the earlier views was due 
to a want of scientific clearness in the conceptions enter- 
tained, and we have now to say a few words regarding 
the theory of conservation. 

Here also the way was pointed out by two philoso- 
phers, namely, Grove in this country, and Mayer on 
the continent, who showed certain relations between 
the various forms of energy; the name of S^guin 
ought likewise to be mentioned. Nevertheless, 
Joule belongs the honour of establishing the theory onM 
an incontrovertible basis : for, indeed, this is pre^J 
eminently a case where speculation has to he tested byl 
unimpeachable experimental evidence. Here the magni*! 
tude of the princi['Ie is so vast, and its importance i 
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great, tliat it requires the strong fire of genius, joined to 
the patient laboura of the scientific experimentalist, to 
forge the rough ore into a good weapon that wiU. cleave 
ita way through all obstacles into the very citadel of 
Nature, and into her most secret recesses. 

Following closely upon the labours of Joule, we have 
those of "William and James Thomson, Hehaholtz, Ran- 
kine, Clausius, Tait, Andrews, Maxwell, who, along 
with many others, have advanced the snhject ; and while 
Joule gave his chief attention to the laws which regu- 
late the transmutation of mechanical energy into heat, 
Thomson, Eankine, and Clausius gave theirs to the con- 
verse problem, or that which relates to the transmutation 
of heat into mechanical energy. Thomson, especially, 
has pushed forward so resolutely from this point of view 
that he has succeeded in grasping a principle scarcely 
inferior in importance to that of the conservation of 
energy itself, and of this principle it behoves us now to 
speak. 

Dissipation of Energy. 

195. Joule, we have said, proved the law according 
to which work may be changed into heat; and Thomson 
and others, that according to which heat may ho changed 
into work. Now, it occurred to Thomson that there was 
a very important and significant difference between these 
two laws, consisting in the fact that, while you can with 
the greatest ease transform work into heat, you can by 
no method in your power transform all the heat back 
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again into work. In fact, the process is not a reversible 
one ; and the consequence is that the mechanical energy 
of the universe is becoming eveiy day more and more ■■ 
changed into heat 

It ia easily seen that if the process were reversibl^ 
one form of a perpetual motion would not be imposa 
ble. For, without attempting to create energy by ^t 
machine, all that would be needed for a perpetual motionl 
would be the means of utilizing the vast stores of heat 
that lie in all the substances around us, and converting 
them into work. The work would no doubt, by means j 
of friction and otherwise, be ultimately reconverted iati 
heat ; but if the proee^ be reversible, the heat coutfll 
again be converted into work, and so on for ever. But 
the irreversibility of the process puta a stop to all thia 
In fact, I may convince myself by rubbing a metal 
button on a piece of wood how easily work can be 
converted into heat, while the mind completely fails to 
suggest any method by which this heat can be recon- 
vei"ted into work. 

Now, if this process goes on, and always in 
direction, there can be no doubt about the issue. 
mechanical energy of the universe will be more : 
more transformed into universally diffused heat, until t 
universe will no longer be a fit abode for living beings. 

The conclusion is a startling one, and, in order ( 
bring it more vividly before our readers, let us now j 
ceed to actjuaint ourselves with the various forms of t 
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fid energy that are at present at our disposal, and at the 
same time endeavour to trace the ultimate sources of 
these supplies. 

Natural Energies and their Sources. 

196. Of energy in repose we have the foUowiiig 
varieties :— (1.) The energy of fuel. (2.) That of food. 
(3.) That of a head of water, (4.) That which may be 
derived from the tides. (5.) The energy of chemical 
separation implied in native sulphur, native iron, &c. 

Then, with regard to energy in action, we have mainly 
the following varieties : — 

(1.) The energy of air in motion. (2.) That of water 
in motion 

Fuel. 

1 97. Let U8 begin first with the energy implied in fuel. 
We can, of course, bum fuel, or cause it to combine with 
the oxygen of the air ; and we are thereby provided with 
large quantities of heat of high temperature, by moans of 
which we may not only warm ourselves and cook our 
food, but also drive our heat-engines, using it, in fact, as 
« source of mechanical power. 

Fuel is of two varieties — wood and coal Now, if we 
consider the origin of these we shall see that they are 
produced by the sun's rays. Certain of these rays, 
as we have already remarked (Art ISO), decompose 
carbonic acid in the leaves of plants, setting free tlie 
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oxygen, while the carbon ia used for the atmcture or 
wood of the plant Now, the energy of these rays ia 
spent in this process, and, indeed, there ia not enough 
of such energy left to produce a good photographic im- 
pression of the leaf of a plant, because it is all spent in 
irifllting wood. 

We thus see that the energy implied in wood ia 
derived from the sun's rays, and the same remark applies 
to coaL Indued, the only difference between wood and 
coal ia one of age ; wood being recently tnmed out from 
NatiU'e'a laboratory, while thousands of years have elapsed 
since coal formed the leaves of living plants. 

198. Weare, therefore, perfectly justified in saying that 
the energy of fuel is derived from the sun's rays ;• coal 
being the store which Nature has laid up as a species of 
capital for us, while wood is our precarious yearly incoma 

We are thus at present very much in the position 
of a young heir, who has only recently come into his 
estate, and who, not content with the income, is rapidly 
squandering his realized property. This subject has been 
forcibly brought before us by Professor Jevons, who 
has remarked that not only are we spending our 
capital, but we are spending the most available and 
valuable part of it For we are now using the surface 
coal; but a time will come when this will be exhausted, 
and we shall be compelled to go deep down for our 

• Thifl fact Beema to have been known ftt k oomparatiTely early periofl, 
to Herschel and the elder StephenBon. 
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Supplies. Now, regarded as a source of energy, sudi 
supplies, if far down, ■will be less effective, for we have 
to deduct tlie amount of energy requisite in order to 
bring them to the surface. The result is that we must 
contemplate a time, however far distant, when our sup- 
plies of coal will be exhausted, and we shall be com- 
pelled to resort to other sources of energy. 

Food. 

199. The energy of food is analogous to that of fuel, 
and serves similar purposes. For just aa fuel may be 
used either for producing heat or for doing work, so food 
has a twofold office to perform. In the first place, by its 
gradual oxidation, it keeps up the temperature of the 
body; and in the next place it is used as a source of 
energy, on which to draw for the performance of work. 
Thus a man or a horse that works a great deal requires 
to eat more food than if he does not work at aU. Thus, 
also, a prisoner condemned to hard labour requires a 
"better diet than one who does not work, and a soldier 
during the fatigues of war finds it necessary to eat more 
.than during a time of peace. 

Our food may be either of animal or vegetable origin — 
if' it be the latter, it is immediately derived, like fuel, 
from the energy of the sun's rays ; but if it be the former, 
the only difference is that it has passed through the body 
of an animal before coming to us ; the animal has eaten 
grass, and we have eaten the animal 
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In fact, we make use of the anima! not only as a 
variety of nutritious food, but also to enable us indirectly 
to utilize those vegetable produeta, such as gi'asses, ■wLich 
we could not make use of directly with our prest 
tive organs. 



Head of Water, 

200. Tlie energy of a head of water, like that of fuel 
and food, is brought about by the sun's i-ays. For the 
sun vaporizes the water, which, condensed again in up- 
land distiicta, becomes available as a head of watei-. 

There is, however, the difference that fuel and food are 
due to the actinic power of the sun's rays, whUe the 
evaporation and condensation of water are caused rather 
by their heating effect 
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201. The energy derived from the tides has, however, 
a diiferent origin. In Art. 133 we have endeavoured to 
show how the moon acts upon the fluid portions of 
our globe, tho result of this action being a very gradual 
stoppage of the energy of rotation of the eartL 

It is, therefore, to this motion of rotation that we 
must look as the origin of any available energy derived 
from tidal mills. 
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Native Sulphur, d-c 

202, The last variety of available energy of position 
[ in our list is that implied in native sulphur, native iron, 
[ &C, It has been remarked by Professor Tait, to whom 

this method of revie\ving our forces is duo, that this may 

be the primeval form of energy, and that the interior of 

the earth may, aa far as we know, be wholly composed of 

' matter in its uncombined form. Aa a source of available 

J energy it is, however, of no practical importance. 

Air and Water in Motion. 

203. We proceed next to those varieties of available 
r energy which represent motion, the chief of which are 

r in motion and water in motion. It ia owing to the 

former that the mariner spreads his sail, and carries his 

vessel from one part of the earth's siu^ace to another, 

I and it is likewise owing to the same influence that the 

[ windmill grinds our com Again, water in motion is 

[ used perhaps even more frequently than air in motion as 

a source of motive power. 

Both these varieties of energy are due without doubt 

[ to the heating effect of the sun's rays. Wc may, there- 

1 fore, affirm that with the exception of the totally insig- 

1 nificant supply of native sulphur, &e., and the small 

I number of tidal mills which may be in operation, all 

I our available energy is due to the sun. 



lis 



THE CONSEKVATION OF ENEHGY. 



TIte Sim — a Source of High Tem/perature Seat. 

SOI, Let us, therefore, now for a moment direct OiW'* 
attention to that most wonderful source of energy, the 
Sun. 

We have here a vaat reservoir of high tomperature 
heat ; now, this is a kind of superior energy which has 
always been in much request. Numberless attempts 
have been made to construct a perpetual light, just as 
Ri'milar attempts have been made to construct a perpetual 
motion, with thia diflerence, that a perpetual light was 
supposed to result from magical powers, wliile a perpetual 
motion was attributed to mechanical skill 

Sir Walter Scott alludes to thia belief in his de- 
scription of the grave of Michael Scott, which is made 
to contain a perpetual light. Thus the Monk who buried 
the wizard tells Wilham of Deloraine — 

*' Lq, Warrior I now the Cross of Red 
Points to the Gi'byb of the mighty deadi 
Within it bums a wandrona light, 
To chase the spirita that love the night. 
That lamp ahall bnm nnqnoDohablj 
Until the eternal doom shall bo." 

And agaJn, when the tomb was opened, we read— 

" I woold you had been there to see 
How the light broke forth ao gloriously, 
Streani'd upward to the ohanoel roof, . 

And through tbo goUerioB far aloof ! 
Mo earthly Qiune blazed e'er ho bright." 
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[Uo earthly flame — there the poet was right — certainly 
I not of this earth, where light and all other forma of 
I Buperior energy are esaentially evanescent. 

A Perpetual lAgkt Im^osaihle. 

205. In truth, our readers will at once perceive that 

L a perpetual light ia only another name for a perpetual 

I motion, because we can always derive visible energy out 

I of high temperature heat — indeed, we do so every day 

n our steam enginea 

When, therefore, we bum coal, and cause it to combine 
I Tpith the oxygen of the air^ we derive from the process a 
I large amount of high temperature heat. But is it not 
I possible, our readers may ask, to take the carbonic acid 
I which results from the combustion, and by means of low 
I temperature heat, of which we have always abundance at 
I oui- disposal, change it back again into carbon and oxygen ? 
All this would be possible if what may be termed the 
I temperattire of disasaociation — that is to say, the 
I temperature at which carbonic acid separates into its 
I constituents — were a low temperature, and it would also 
I be possible if rays from a source of low temperature pos- 
I Bessed sufficient actinic power to decompose carbonic acid. 

But neither of these is the case, Nature will not be 
I caught in a trap of Um kind. As if for the very pur- 
I poee of stopping all such speculations, the temperatures 
iisassociation for such substances as carbonic acid are 
f very high, and the actinic rays capable of causing their 
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decomposition belong only to sources of exceedingly I 
temperature, such as the sun.* 

la th£ Swn an Exception f 

206. We may, therefore, take it for granted that a 
petual lightj like a perpetual motion, is an impossibility ; 
and we have then to inquire if the same argument 
applies to our sun, or if an exception is to be made in 
his favour. Does tho sun stand upon a footing of hia 
own, or is it merely a question of time with him, aa with 
all other instances of high temperature heat ? Before 
attempting to answer this question let us inquire into the 
probable origin of the sun's heat. 

Origin of the Sun'a Heai. 

207. Now, some might be disposed to cut the Goi 
knot of such an inquiry by asserting that our luminary 
was at first created hot ; yet the scientific mind finds 
itself disinclined to repose upon such an assertion. We 
pick up a round pebble from the beach, and at once 
acknowledge there has been some physical cause for the 
shape into which it has been worn. And so with regard 
to the heat of the sun, we must ask ouraelvea if there 
be not some cause not wholly imaginary, but one which 
we know, or at least suspect, to be perhaps still in opi 
tion, which can account fur the heat of the sun. 

Now, here it is more easy to show what 
• Tliia remarli ia due to Sir Wfliiam Thomaon. 
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accoTiiit for the sun's heat than what can do so. We 
may, for matance, be perfectly certain that it cannot 
[ have been caused by chemical action. The moat probable 
theory is that which was first worked out by HelmLoltz 
I and Thomaou ; * and which attributes the heat of the 
1 to the primeval enei^ of position possessed by its 
I particles. In other words, it is supposed that these parti- 
[ files originally existed at a great distance from each other, 
I and that, being endowed with the force of gravitation, they 
I have since gradually come together, whUe in this process 
I heat has been generated just as it would be if a stone were 
I dropped from the top of a cliif towards the earth. 

208. Nor is this case wholly imaginary, but we have 
Dme reason for thinking that it may still be in operation 
a the case of certain nebulie which, both in theu' consti- 
[ tution as revealed by the spectroscope, and in their 
I general appearance, impress the beholder with the idea 
[ that they are not yet fully condensed into their ultimate 
I' Ediape and size. 

If we allow that by this means our luminary has 
I obtained hia wonderfiil store of high-class energy, we 
I have yet to inquire to what extent this operation is 
I going on at the present moment. Is it only a thing 
I of the past, or is it a thing also of the present? I 
I think we may reply that the sun cannot be condensing 
[ very fast, at least, within historical timea. For if the 

a first to have caught the rudiments of 
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Bun were sensibly larger than at present his total eclipse 
by the moon would be imposaible. Now, such eclipses 
have taken place, at any rate, for several thousands of years. 
Doubtless a small army of meteors may be falling into 
our luminary, which would by this fall tend to augment 
bis heat ; yet the supply derived from this source must 
surely be insignificant. But if the sun be not at present 
condensing so fast as to derive any sufficient heat from this 
process, and if Ms enei^ he very sparingly recruited 
from without, it necessarily follows that he ia in the 
position of a man whose expenditure exceeds Ms income. 
He is living upon hia capital, and is destined to share the 
fate of aJl who act in a similar manner. "We must, there- 
fore, contemplate a future period when he will be poor^_ 
in energy than he is at present, and a period still f 
in the future when he will altogether cease to shine. 

Probable Fate of the Universe. 
209. If tMs be the fate of the high temperatu 
energy of the universe, let us tMnk for a moment what 
will happen to its visible energy. We have spoken 
already about a medium pervading space, the office of 
wMch appears to be to degrade and ultimately extinguish 
all differential motion, just as it tends to reduce and ulti- 
mately equalize all difference of temperature. Thus the 
universe would ultimately become an equally heated 
mass, utterly wortHess as far as the production of work 
is concerned, since such production depends upon d 
ence of temperature. 
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Although, therefore, in a strictly mechanical sense, 
j-there is a conservation of energy, yet, as regards uae- 
: fitness for living beings, the energy of the 
is in process of deterioration. TJmver,9ally 
I diffused heat forms what we may call the great waate- 
Iheap of the universe, and this is growing larger year 
mhy year. At present it does not sensibly obtrude itself, 
llnit who knows that the time may not arrive when wo 
Ishall be practically conscious of its growing bigness ? 
210. It will be seen that in this chapter we have re- 
garded the universe, not as a collection of matter, but 
rather as an energetic agent — in fact, as a lamp. Now, it 
has been well pointed out by Thomson, that looked at in 
this hght, the universe is a system that had a beginning 
I and must have an end ; for a process of degradation 
I cannot be eternal. If we could view the universe as a 
I candle not lit, then it is perhaps conceivable to regard it 
.ving been always in existence ; but if we regard it 
I rather as a candle that has been lit, we become absolutely 

■ certain that it cannot have been bimiing from eternity, 
land that a time will come when it will cease to bum. 
BiWe are led to look to a beginning in which the particles 

■ of matter were in a diffuse chaotic state, but endowed 
■■with the power of gi-avitation, and we are led to look to 
I'lm end in which the whole universe will be one equally 
B heated inert mass, and from which everything like life or 
I'motion or beauty will have utterly gone away. 
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THE POSITION OF LIFE. 

211. We have hitherto confined ouraelves almost 
entirely to a, discussion of the laws of energy, aa theae 
affect inanimate matter, and have taken little or no account 
of the position of life. We have been content very much 
to remain spectators of the contest, apparently forgetful 
that we are at all concerned in the issue. But the con- 
flict is not one which admits of on-lookers, — it ia a uni- 
versal conflict in which we must all take our shar& It 
may not, therefore, be amiss if we endeavour to ascert 
as well aa we can, our true position. 

Twofold nature of Equilihrium, 

212. One of our earliest mechanical lessons is on t 
twofold nature of equilibrium. We are told that ■ 
may be of two kinds, stable and unstable, and e 
good illustration of these two kinds is furnished by(j 
egg. Let U8 take a smooth level table, and place an t 
upoQ it ; we all laiow in what manner the egg will I 
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r <m the taUe. It will remain at rest, that ia to say, it 
t ■will be in equilibrium ; and not only so, but it will be in 
} stable equilibrium. To prove this, let ua try to displace 
I it with otir finger, and we shall find that when we remove 

the pressure the egg will speedily return to its previous 
[ position, and will come to rest after one or two oscilla- 
I tiona Furthermore, it haa required a senmible expenditure 
I of energy to displace the egg. All this we express by 

Baying that the egg is in stable equilibrium. 

JHechanical Iiwtability. 
21S. And now let us try to balance the egg upon its 

longer axis. Probably, a sufficient amoxmt of care will 
1 to achieve this also. But the operation is a 
I difficult one, and requires great delicacy of touch, and even 
[ after we have succeeded wa do not know how long onr 
[ success may last The slightest impulse from without, the 
I merest breath of air, may he sufficient to overturn the 
f egg, which is now most evidently in unstable eqtiilibrium. 

If the egg be thus balanced at the very edge of the table, 

it is quite probable that in a few minutes it may topple 
I over upon the floor; it is what we may caU an evtn 
I chaTtce whether it will do so, or mei'ely fall upon the 
I table, iflot that mere chanco haa anything to do with 
I it, or that its movements are without a cause, but we 

mean that its movements are decided by some external 
I impulse so exceedingly small as to bo utterly beyond our 
[ po^/ers of observatioa In fact, before making tho trial 
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we have carefully removed everything hke a current of 
air, or want of level, or external impulse of any kind, 
BO that when the egg falls we are completely unable 
assign the origin of the impulse that has caused it 
do so. 

214. Now, if the egg happens to fell over the talil 
upon the floor, there is a somewhat considerable trans- 
mutation of energy ; for the energy of position of the egg, 
due to the height which it occupied on the table, has all 
at once been changed into energy of motion, in the first 
place, and into heat in the second, when the egg com^ 
into contact with the floor. 

If, however, the egg happens to fall upon the table, 
transmutation of enei'gy is comparatively BmaU. 

It thus appears that it depends upon some ex1 
impulse, so infinitesimally small as to elude our ol 
tion, whether the egg shall fall upon the floor and g;ivB 
rise to a comparatively large transmutation of energy, or 
whether it shall fall upon the table and give rise to a 
transmutation eompai'atively small. 

Chemical IiistahUity. 

215. We thus see that a body, or system, in unstable 
equilibrium may become subject to a very considerable 
transmutation of energy, arising out of a very small 
cause, or antecedent. In the case now mentioned, the 
foi-ce is that of giuvitation, the arrangement being one of 
visible mechanical instability. But we may have a sub- 
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f stance, or system, in which the force at work la not gi-avity, 
I laut chemical affinity, and the substance, or system, may, 
I under certain peculiar conditiona, become ckemicalli/ 
\ vmstahle. 

When a substance is chemically unstable, it means 

I that the slightest impulse of any kind may determine 

I a chemical change, just as in the case of the egg the 

I slightest impulse from without occcasioned a mechanical 

displacement. 

In fine, a substance, or system, chemically unstable 

bears a relation to chemical affinity somewhat simCar 

to that which a mechanically unstable system bears 

to gravity. Gunpowder is a fanuliar instance of 

, chemically unstable substance. Here the slightest 

\ qiark may prove the precursor of a sudden chemical 

I change, accompanied by the instantaneous and violent 

generation of a vast volume of heated gas. The various 

I explosive compounds, such as gun-cotton, nitro-glycerine, 

I the fulminates, and many more, are all instflJicea of 

I Btniettu'es which ai-e chemically unstable. 

Machinea are of two kinda. 
216. When we speak of a structure, or a machine, or 
\ a system, we simply mean a number of individual par- 
[ tides associated together in producing some definite 
' result. Thus, the solar system, a timepiece, a rifle, are 
examples of Inanimate machines; while an animal, a 
\ human being, an army, are examples of animated struc- 
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tures or machines. Now, such machines or structirree 
are of two kinds, which differ from one another not 
only in the object sought, but also in the means 
attaining that object 

217. In the first place, we have structures 
madiines in which systematic action is the object aim! 
at, and in which all the arrangements are of a conservaf- 
tive nature, the elemeut of instabiUty being avoided as 
much a3 possible. The solar system, a timepiece, a 
steam-engine at work, are examples of such machines, 
and the characteristic of all sneh is their calculability. 
Thus the skilled astronomer can tell, with the utmost 
precision, in what place the moon or the planet "Venus 
will be found this time next year. Or again, the 
excellence of a timepiece consists in its various hands 
pointing accurately in a certain direction after a certain 
interval of time. In like manner we may safely count 
upon a steamship making ao many knots an hour, at 
least while the outward conditions remain the same. In 
all these cases we make our calculations, and we are not 
deceived — the end sought is regularity of action, and the 
means employed is a stable aiTangement of the forces 
nature. 

218. Now, the characteristics of the other class 
machines are precisely the reverae. 

Here the object aimed at is not a i-egular, but a sudden 
and violent transmutation of enei^y, while the means 
employed are unstable arrangements of natural 
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■A rifle at fiill cock, with a deKcato liair-trigger, is a veiy 
good instance of such a machine, where the slightest 
touch from without may bring ahout the explosion of the 
gunpowder, and the propulsion of the ball with a very great 
velocity. Now, such machines are eminently characterized 
by their incalGulabUity. 

219. To make our meaning dear, let ua suppose that 
two sportsmen go out hunting together, each with a 
good rifle and a good pocket chronometer. After a hai'd 
day's work, the one turns to his companion and says : — 
"It is now sis o'clock by my watch; we had better rest 
ourselves," upon which the other looks at his watch, and 
he would be very much surprised and exceedingly 
indignant with the maker, if he did not find it six o'clock 
also. Their chronometers are evidently in the same state, 
and have been doing the same thing ; but what about 
their rifles ? Given the condition of the one rifle, is it 
possible by any refinement of calculation to deduce that 
cf the other ? We feel at once that the bare supposi- 
tion is ridiculous. 

220. It is thus apparent that, as regards energy, 
structures are of two kinds. In one of these, the object 
sought is regularity of action, and the means employed, 
a stable arrangement of natural forces : while in the other, 
the end sought is freedom of action, and a sudden trans- 
mutation of energy, the means employed being an un- 
stable arrangement of natural forces. 

The one set of machines are characterized by their 



IGO 



THE COaVSEEVATION OF ENERGY. 



calculabillty — the other by their incalculability. The 
one set, when at work, are not easily put ^vrong, while 
the other set are characterized by great delicacy of e( 
Btractioa 



An Animal i 



X delicately-constructed Machine. 

221. But perhaps the reader may object to our use of 
the rifle as an illustration. 

For although it is undoubtedly a delicately-constructed 
machine, yet a rifle does not represent the same surpass- 
ing delicacy as that, for instance, which characterizes an 
egg balanced on its longer axis. Even if at full cock, 
and with a hair trigger, we may be perfectly certain it 
wiU not go off of its own accord. Although ita object is 
to produce a sudden and violent transmutation of energy, 
yet this requires to be preceded by the apphcation of an 
amount of energy, however email, to the trigger, and if 
this be not spent upon the rifle, it will not go off There 
is, no doubt, delicacy of construction, but this has not 
risen to the height of incaleulabihty, and it is only when 
in the hands of the sportsman that it becomes a machine 
upon the condition of which we carmot calcidate. 

Now, in making this remark, we define the pt 
of the spoilsman himself in the Universe of Enei«y. 

The rifle is delicately constructed, but not surpj 
so ; but sporteman and rifle, together, form a machine 
of surpassing delicacy, eryo the sport.'^nian himself is 
such a machine. We thus begin to perceive that a 
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Imman being, or indeed an animal of any kind, is in 
I truth a machine of a delicacy that is practically infinite, 
I the condition or motions of which we are utterly unable 
1 to predict. 

In truth, is there not a transimrent absurdity in the 
■Tery thought that a man may become able to calculate 
s own movements, or even those of his fellow ! 



Life is like the Commander of an Army. 

222. Let us now introduce another analogy— let us 
jBuppnae that a war is being carried on by a vast army. 
Fat the head of which there ia a very great commander. 
I'Now, this commander knows too well to expose his pcr- 
I Bon ; in tmth, he is never seen by any of his subordinates. 
I Ho remains at work in a well-guarJed room, from which 
■ ■telegraphic wires lead to the headquarters of the various 
[divisions. He can thus, by means of these wires, transmit 
I his orders to the generals of these divisions, and by the 
I same means receive back information as to the condition 
I of each. 

Thus hia headquarters become a centre, into which all 
I information is poured, and out of which all commands are 
I'ifiBued. 

Now, that mysterious thing called life, about the nature 
I of which we know so little, is probably not unlike such 
mmander. Life ia not a huUy, who swaggers out 
I into the open universe, upsetting the laws of energy in 
(ftll directions, but rather a consummate strategist, who. 
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sittiag in hia secret cliambor, before his wii-es, directs the 
movements of a great army.' 

223. Let us next suppose that our imaginary army is 
in rapid march, and let us try to find out the cause of 
this movement. We find that, in the first place, orders 
to march have heen issued to the troops under them by 
the commanders of each regiment In the next place, we 
learn that ataff officers, attached to the generals of the 
various divisions, have conveyed these orders to the 
regimental cormnanders; and, finally, we learn that the 
order to march has been telegraphed from headquart era 
to these varioxia generals. 

Descending now to ourselves, it is probably somewl^ 
in the mysterious and well-guarded brain-chamber t 
the delicate directive touch is given which determines 
our movements. This chamber forms, as it were, the 
headquarters of the general in command, who is so t 
withdrawn as to be absolutely invisible to all his i 
ordinates, 

22i. Joule, Cai'penter, and Mayer were at an eai'ly 
period aware of the restrictions under which animals are 
placed by the laws of energy, and in virtue of which the 
power of an animal, as far as energy is concerned, is i 
creative, but only directive. It was seen that, in ord 

• See an article on "The Position of Life," by the antbor 

work, in conjnDction witb Mr. J, N. Lockjer, " Macmi 

September, 186S; also a lecture on "The Recent DeTelopmeata 
mical Physics," by tlie onthcFT of this work. 
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to do work, an animal must be fed ; and, even at a still 
earlier period, Count Rumford remarked that a ton of hay 
will be administered more economically by feeding a horse 
with it, and then getting work out of the horse, than by 
burning it as fuel in an engine. 

225. In this chapter, the same line of thought has 
)een carried out a little further. We have seen that life 
s associated with delicately -constructed machines, so 
that whenever a transmutation of energy is brought 
about by a living being, could we trace the event back, 
we should find that the physical antecedent was probably 
A much less transmutation, while again the antecedent of 
his would probably be found still less, and so on, as far 
IS we could trace it 

22G. But with all this, we do not pretend to have dis- 
covered the true nature of life itsulf, or even the true 
nature of its relation to the material universe. 

AVhat we have ventured is the a.ssertion that, as far as 
we can judge, life is always associated with machinery of 
I certain kind, in virtue of which an extremely deiieafce 
directive touch is ultimately ma^;niiied into a very con- 
idderable transmutation of energy. Indeed, we can 
wdly imagine the fi'cedom of motion implied in life 
> exist a[>art from machinery possessed of veiy great 
Iclicacy of construction. 

In tine, wo have not succeeded in solving the problem 
L8 to the time nature of life, but have only driven 
the difficulty into a borderland of thick darkness, into 
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which the light of knowledge has not yet been able to 
penetrate, 

Orgam^ed TisBUce are subject to Decay. 

227. We have thus learned two things, for, 
first placej we have learned that life ia associated i 
delicacy of construction, and in the nest (Art. 220), that | 
delicacy of construction imjjlics an unstable arrangement 
of natural forces. We have now to remark that the ' 
particulax force which is thus used by living beings is 
chemical affinity. Our bodies are, in truth, examples of i 
an unstable arrangement of chemical forces, and the | 
materials which composed them, if not liable to sudden I 
explosion, like fulminating powder, are yet pre-eminently 
the subjects of decay. 

228. Kow, this is more than a mere general statement ; 
it is a truth that admits of degrees, and in virtue of 
which those parts of our bodies which have, during life, 
the noblest and most delicate office to perform, are f 
very first to perish when life is extinct. 



"Oti ! d'bt fba eye deittli moat exerts biH might. 
And linrls tliB spirit from her throne of light j 
Sinks those blae orba in their long laet eolipao, 
Cut spai'es aa yet the charm aronnd the lips." 
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So speaks the poet, and we have here an aspect of 
things in which the lament of the poet becomes the I 
interpretation of nature. 
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Difference between Animals and Inaniiivxte 
Machines. 

229, We are now alDle to reeognizo the difference be- 
■tweeu the relations to energy of a living being, sucli as 
man, and a machine, such aa a steam-engine. 

There are many points in common between the two. 
Both require to be fed, and in both there ia the transmu- 
tation of the energy of chemical separation implied iu 
fuel and food into that of heat and visible motion. 

But while the one— the engine — requires for its main- 
tenance only carbon, or some other variety of chemical 
fieparation, the other — the living being— demands to be 
supplied witli organized tissue. In fact, that delicacy of 
construction which is so essential to our well-being, is 
not something which we can elaborate internally in our 
■own frames — all that we can do is to appropriate and 
.assimilate that which comes to us from without ; it is 
already present in the food which we eat. 

Ultimate Dependence of Life upon the Sun. 

230. We have already (Art 203j been led to recognise 
t^o sun as the ultimate material source of all the energy 
which we possess, and we must now regard him aa the 
lource likewise of all our delicacy of construction. It 
requires the energy of his high temperature rays so to 

;»ield and manipulate the powerful forces of chemical 
'Affinity; so to balance these vaiiuua forces against each 
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otter, as to produce in the vegetable something ■wfaieli 
will afford our framea, not only energy, but also delicacy 
of consti'uction. 

Low teraperatnre beat would be utterly unable to 
accomplisb tbis ; it consists of ethereal vibrations "which 
are not sufBeiently rapid, and of waves that are not suffi- 
ciently abort, for the purpose of shaking asunder the 
constituents of compound molecules. 

231. It thus appears that animals ai-e, in more "ways 
than one, pensioners upon the sun's bounty; and those 
instances, which at fo-st sight appear to be exceptions, 
will, if studied sufficiently, only serve to confirm the rule. 

Thus the recent researches of Dr. Carpenter and Pro- 
fessor Wyville Thomson have disclosed to us the existence 
of minute living beings in the deepest paiis of the ocean, 
into which we may he almost sure no solar ray can 
penetrate. How, then, do these minute creatures obtain 
that energy and delicaey of construction without ■which 
they cannot live ? in other words, how are they fed ? 

Now, the same naturalists who discovered the exist- 
ence of these creatures, have recently furnished us with 
a very probable explanation of the mystery. They think 
it highly probable that the whole ocean contains in 
it organic matter to a very small but yet perceptible 
extent, forming, as they express it, a sort of diluted sond 
which thus becomes the food of these minute creatu! 

232, In conclusion, we are dependent upon the sun a 
centre of our system, not only for the mere energy o 
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frames, but also for our delicacy of construction — the 
future of our race depends upon the sun's future. But 
we have seen that the sun must have had a beginning, 
and that he will have an end. 

We are thus induced to generalize still further, and 
regard, not only our own system, but the whole material 
universe when viewed with respect to serviceable energy, 
as essentially evanescent, and as embracing a succession 
of physical events which cannot go on for ever as they 
are. 

But here at length we come to matters beyond our 
grasp ; for physical science cannot inform us what must 
have been before the beginning, nor yet can it tell us 
what wiU take place after the end. 
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IPITZBERGEN THE GATEWAY TO THE POLYNIA; 
Voyage to Sfitzbergeh. By Captaiii Jolm C. Wella, 
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■(PRINCIPLES OF MENTAL PHYSIOLOGY. With their AppUcations 
' to the Training and Discipline of the Mind, and the Study of lis Morbid 

Conilitions. By W. B. Carpenter, LL.D.. K.D., F.B.S., &c. 

8vo. 1 llustrated. [fmtnedialdy. 

ItHE expanse of heaven, a Series or Essays oq the Wanders of 
the FirraamenL Hy B. A. Proctor, B.A,, author of " Other Worlds," 
.'ie. SmaU Ciown 8vo. [Sliorlly. 

IfSTUDIES OF BLAST FURNACE PHENOMENA. By M. L, 
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Edited by Jatnes Hmton. 2 vola. Crown 8to. With 50 

Uafhc [he papular mipi] with ItuHC phytio- J h ea lt h . 

iln lit Press. 

FtHE PLACE OF THE PHYSICIAN. The Introductory I 
Guy's Hospital, 1873-4 ; to which is added 
Essays ok the Law of Human Life and hn ■niit Relati 
iu:rwKr.s Okganic aka Imokijanic Woklds. 



65, Corn/iill ; 6^ 12, Paternoster Rovj^ /.otwfon. 



Sc J %sca—cotilinticd. 

THE HISTORY OF THE NATURAL CREATION, Being a Seri^~~ 
of Popular Scientific Lecture? on the General Theory of Prcgression of 
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wilt teEard id a large nuinl 
which nave gained a repute 




MISS YOUMANS' FIRST BOOK OF BOTANY. Design 

cultivate the observing powers of Children. From the Authors ^^ 
Stereotyped Edition. New and Enlaced Edition, with 300 Engravings. 
Crown 8vo. 51. 

'int Boot 
inelywHl invaTuabfJ'wn- 



IJODERN GOTHIC ARCHITECTURE, 

Crown 8™. Price 5j. 

"The reader will find some of die most 
pracueally applied in ihis little book, 
?,ty\e."—M/iiir/mlcr Examiner. 



TREATISE ON RELAPSING FEVER. By B. T. Lyc 

Assistant- Surgeon, Bengal Army. Small post 8vo. Jj, 6d. 
"A pmctti:al wE}rk Choroaghly aupporled in it& view! by 4 send 



ian, Dud in siyle of a , . _ . . 

ii ID GODimedd his news.^^f^ihi 

ilrJievinv. 

This thDUghtliil little l> 



65, ComhUl; &• 11, Fatemoiter Row, LomioH. 



FOUR WORKS BY DR. EDWARD SMITH, 
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I THEOLOGY IN THE ENGLISH POETS. Being Lectures delivered 
by the Hev. Stopford A. Brooke, Chaplain in Ordinary lo Her 
Majesly ihc Queen. 
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Working Men's College, By T. Lean Wilkmoon. Crown Svo, 
limp cloth. 21. 

"Avery huidy And intelligible i 



fAN ESSAY ON THE CULTURE OF THE OBSERVIM 
POWERS OF CHILDREN, especially in connection with [he Sta^ 
of Botany. By Eliza A. T'otunana. Ediied, with Notes njid a 
Supplement, by Josepb Fayne, F.C.P., Author of "Lectures 01 ' 




Essays, Lectures, 



t Ihis hoaV.~—ETiliik Qhb 



|SOLDIBRING AND SCRIBBLING. By Archibald Forbes, 

Daily Nofs, Author of "My Experienoe of the War between France fl 
Gennany. " Crown 8vo. Is. 6a. 

" All win open it trill be indiucd to read I fiut^flen cauchir>g EDilituy life, 
l^irongh ftic Efac BUwfl entf itftinmenc Aludi vtM\iafu*'—KvtKin^Slan^td. 
it iflbiiit"— J^ai^i AViui. "Thoroughly readatle and woi 



THE ENGLISH CONSTITUTION. By "Walter Bageliot. A New 
Edition, revised and corrected, witb nn Introductory Dissertation t 
changes and events. Crown Svo. "Js. hil. 
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■ar and pr»«lGiL"-^M!&. 



REPUBLICAN SUPERSTITIONS. Uluslraled by the Political History 
□f the United Slates. Including H Correspondence with M. Louis Blmc. 
Uy Moncure D. Conway. Crown 8vo. 51. 

pliu-sible ^lladci of ^publlunism, by a ceHty. ' He givo ue wIOCSDad . 
vrilBT of rcraarliAble ^^gour uid puntjr of omJ he is occuiDDony almost efc 
siylt'— iSIOHoWrf. I Ci«Rto«, Julyi, -"— 
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6s, Cm-nhill; &• 11, Paternostev R<ni.\ Lattdm. 



MILITARY WORKS. 



THE GERMAN ARTILLERY IN THE BATTLES NEAR METZ. 

lUsetl on [he ofTmial rcporl! of [he German Artillery. Uy Captain 



This hiswry ^ns n detailed afcouDt of 
ilie nurrcnicnM of the GiitUQ ntillEiy ia 
[he time dcy*' fiEhdnK to ihe eut end 
wHL fif Meet) which mulcod in paralydng 
ihfl Army updet Mitnhal Efanupe. and iis 
subsequedl lurreniler. The aclian at the 
buurici mlh nTureiicE H> Ihe ether anu 
B dcviy expbiiiBd, uul ihe valuable moiOK 
ihoir tl>E piKitiDnt mken up by the ln& 
viduaLbaluricI at each slaEe o( the con- 
UWl. Tshlei are alu supplied iit the 



1 Artillery and Engineer School. 



AppeudLx, runushing full detuli as Mi 



tUi mrk uiaBs > valuiUe put of Ac 
Utenture of the campA^. and vill be 
read «ith interest nut Dnjy by niembcra uf 
the regular but Bin by Ihtse of the aiii- 



THE OPERATIONS OF THE FIRST ARMY, UNDER STEIN- 
METZ. Hy Von ScheU. TrauslalKd by Captain E. O. Holliat. 

Demy Svo. Uniform with Ihe o[her volumes in the Series. Price lO.', (id. 

flFHE OPERATIONS OF THE BAVARIAN ARMY CORPS, liy 
Captain Hugo Helvig. Tmnshled by Captain G. S. Bohwabe. 

\Vi[h 5 l:iri;t M.iiJ,. Demy Svo. Uniform ividi (he rj[ber Uouki in the 



RILL REGULATIONS OF THE AUSTRIAN CAVALRY. 

From an Abridged Edition tompiled by C a it a in Illia WukNoviTs, of 
the General Staff, on the Taclical Kcgulalioiis of the Aiulrinn Army, and 
prefaced hy a General Sketch of the Organisation, &c., of the Country, 
TmnshKcd by Captain W. 8. Cooke. Crown Svo, limp cloth. 

IHE OPERATIONS OP THE FIRST ARMY UNDER GEN. 
VON GOEBEN. Tlv Uajor Von ScheU. Transloltd by Col. C. 
H, Von Wrigrht. I'our Map*. Demy 8vo. gj. 



HUl. 



y of Ihe Org: 



I, EqaifmenI, and War Strvica of 



JTHE REGIMENT OF BENGAL ARTILLERY. Compiled from 
PublUhed Official and other Kecords, and various priyite Mwws, 1» 
K^jor Francis "W. Stubbs, Royal (late Bencal) AitiUery. Vol. I. 
will contain War Sbrvices. Tho Second Volume will be published 
separolely, and will contain the HUTOKY OF THK OnciAKisATtON and 
EQCIpMBN'r OF TlIK Rkqiuknt. In a vob. Svo. With Maps and 
Plans. [Pr^artHg. 

6s, Cornhill ; iS" 12, Paternoster Rovi^ Lav-dav., 



Works Published by Henry S. Kif^ A 



Military V/OK.K.s—ctinliHnei/. 

ITHE ABOLITION OF PURCHASE AND THE ARMY REGU- 
LATION BILL OF 1871. By Lieut.-Col. thoHon.A. Anaon, 
V.O., M.P. Crown 8vo. Price One Shilling. 



' C^. R. 



P. Anderaon. 



KH^Mft^ons."! 



(THE FRONTAL ATTACK OF INFANTRY. By;Capt. Lay] 

Instiuctor of 'rj.ctics at the Militaiy CoilcECi Neisse. Translate<i^3 
Colonel Sdward Netvdigate. Crown Evo, limp clolh. Price Zi' 




THE OPERATIONS OF THE FIRST ARMY IN NORTHERN 

FRANCE AGAINST FAIDHERBE. Uv Colonel Count Her- 
mann Von Wartensleben, Chief of the .Siali" of the First .\rmy. 
Translated by Colonel 0. H. Von Wright. Id demy Svo. tJnifonn 
with the above. Price 91. 
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i! eipocUUy valuable Um _ 
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ELEMENTARY MILITARY GEOGRAPHY. RECONNOITRING, 

AND SKETCHING. Compiled for Nrai.Crtmmisf:ioncd OflScers and 
Soldiers of all Arms. By Lieut. C. E. H. Vincent, Roynl Webli 
Fusileers. Small crown Svo. 3J. &/. . — 



□1 full of facts and tcachinEs-'*~- 



hi Srrvia C4ttftt. 



6^, Cornhill ; ^ 11, Pattrnatttr S<rw, Lutidcn. 
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Weris Jhtm&ed hy Henry S. SSng &' C3»., 



STUDIES IN THE NEW INFANTRY TACTICS. Pads I. & 
\\y BEajor W. Von Schereff. Translated from tlie German by C 
Lumley Qraliam. Price is. 6,/. 
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work which ha hithenii [ipi:eBred hi Eng- 
lish upoD ihis All-imparuiit subjecL" — 



TACTICAL DEDUCTIONS FROM THE WAR OF 1870— i. By 

Captain A. Von Boguslawski. Trtmslulol by Colonel Iiuxolev 

Graham, 1 ale 181I1 (koyal Irisii) Regiment. Demy 8vo. Unifoim wiUi 
Ihe above. Price ys. 

" Usjar Boeiulawki'l UCCicnI dedui:- 1 Britilh Service ; and we auinut cmnmencc 

tioni fniDi the wv flTe^ ihat infAntry Hill the iptud work loo »ion» Qr l>eiicr, Ch?n by 

.__..._ .L_- .._.■ I . I ■ ig ihclwo books ['The Operatie '" 
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THE ARMY OP THE NORTH-GERMAN CONFEDERATION. 

A Brief Description of its Organisation, of the different Bmnches of the 
-Sen'ice and their 'Rflle' in War, of its Mode of Fighting. &c, By a 
Fruaeiau Oeneral. Transtaled from the German by Ool. Edward 
Newdiffate. Demy Svo. is. 

She OPERATIONS OF THE GERMAN ARMIES IN FRANCE, 
FROM SEDAN TO THE END OF THE WftR OF 1870—1. 
With Large OfScial Map. From the Journals of Ihe Hcid.qu.irters Staff, 
hy H^or Wm. Bliime. Translated by E. H. Jonea, Major 20U) 
Foot, late Professor of Military History, Sandhurst. Demy Svo. Price gj. 
" Thebook ii of ibnliue tiecewtyio Ibe sddiiian lu our uock of varki upon the 
our preaA haj pot fufth. M^'or 

II miioy of biianintry'thiEloriiiu. 






Innoce^pEvChceiiaadiblrDdueliDL 
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BHE OPERATIONS OF THE SOUTH ARMY IN JANUARY 
^ AND FEBRUARY, 1871. Compiled from the Official War Docu- 
\s of the Head -quarters of Ihc Southern Army. By Count Hermann 
Von Wartensleben, Col unci in the Prusslin General btutf. Tiaiulated 
by Colonel C. H. Von Wriglit, Demy Svo, with Maps. Unifoim 
with the above. Price 6j. 
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MiUTABY Works— ronftaua/. 

Hasty INTRENCHMENTS. By Colouel a. Bnalmont. Traiu- 
laled by Lieuteaant Charles A. Empson, B.A. Demy Svo. Nine 
Plates. Price 6s. 



*' In ieven ihott chitpto^ 
^recrkdu ftr rorming -'■-' 
with the botmcthcdc^j 



carryini: the nccf 



X Atdwhened 
dempoiTisd >■- 



up by blinlry in ihe spate of 
mHittrywork."— J'/Mdlin£ 



ISTUDIES IN LEADING TROOPS. By Colonel Voa Verdy Du 
Vemois. An BUthorised and accurate TransUticni by IiieuteDaBt 
H. J. T. Hildyard, 71st Foot. Parts T. and II. Demy Svo. Price 7*. 
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THE SUBSTANTIVE SENIORITY ARMY LIST, Majors 
Captains, fiy Captain F. B. P. White, ist W. L R^ment. 
sewed. 2s. 6d. 
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CAVALRY FIELD DUTY. Bv Major-General Von MiruB. Trans- 
lated by Captain Frank S. Russell, 14th (K.ing's) Hussars. Crovni 
8vo, limp cluth. ^s. ftd. 









en Uie 


German ravslry. and compn 




derti i^A Id ^1 


ffi'V 










Jtioa .s made ^""1 » n™ 


dition, 


hoolc especially ac 





DISCIPLINE AND DRILL. Four Lcciure? delivered to the 

Scoilisli Rifle Volunteers. By Captftin S. Flood Pa^. A NdVll 

Cheaper Edition. Price ir. ^ 



65, Comhiii; &• II, Palcrnorfer Row, Ltrntian, 



INDIA AND THE EAST. 



clever papers, among which we may men- Matuhei; Cock Fi^hB. H 
tion (he IciinnLiii Sporting SDtigB wtitlon by Donkey Races : dcHj-ipLi 
S. V. S., of "llie Boar, Saddle, Staur, RegoJuioM, and Unifo 
andSpeu,"&c^ftc— CapLMoi«is.Drihe ClnbE: NnUmd Histor 
Bamuy Armv i ab well as deKcriptiDtu c *" '"'"" '" " " — " '" 
Hog BunU, Fax Honli, Lion Hunt! 
T!gcr Hnnls. and Cheeu Hunts: ac 
counts of ShoDtinB Evcuruoiu for Snipe 
Parlrideis, Quail; Toucan, Dilalan. aa> 

THE EUROPEAN IN INDIA. A Hmd-book of rractical Informalion 
for those proceeding to, or residing in, the East ladies, relating to Outfits, 
Koutus, Time for Departure, Indian Climate, ftc. Bj Udmiutd C. P. 
Hull. With a Medicai. GuiDE for Amglo-Indians. Being a Com- 
pendium of Advice to Europeans in India, relating to the PreservatioQ and 
Regulation of Health. By B. S. Hair, H.B., P.R.O.S.E., Late 
Deputy Coroner of Madras. In l voL Post 8vo. 6j. 
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which every body 

of the book l^ve been mafleiwL 

The medical pan of ihe vork is invalu- 
able."— Cs/exMa GuarJi^ 
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■THE MEDICAL GUIDE FOR ANGLO-INDIANS. Beinga 
pendium of advice to Europeans in India, relating to the Preservi 
and Regulation of Health. By B. S. Uair, F.B.C.B.E., late Dep« 
Coroner of Madras, Reprinleii. with n 
from " The European in India." 

ASTERN EXPERIENCES. 

Private Secretary, and for m: 
and Coori;. In 1 vol. Uemy 

"Ad admfrable and exhauitive %to^ 
gnphical, poLtical.and indui-'-' - " 

^'Tbe UBcfulncBB of IhtK compact and 

■nformatiofl relatins to countrv* whose 

AS-hTl UL KALaM ; on, HiNm/STANi MAur Easy. By Captal . 
W. B. M. HolroTd, Bengnl Staff Corps, Director of Public Instruction, 
Punjil). Ctown Svo. I'lice 5j, 
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, Faiernoster Hffw, London. 



India, and the E.Asr—eirn!inuat. 

I WESTERN INDIA BEFORE AND DURING THE MUTINi: 

Pictures drawn from Life. By Stajor-Oeii. Sir Qeorge La Orand 
Jacob, E.C.S.I., C.B. In i voL Ccown 8vo. is. 6a', 

f 'SStm lBd« dur^B Ibe self M*™^ aulhOTla^—^ 
u whidi hat yet, in a popular Jndian afburs." — Slandar 






[EDUCATIONAL COURSE OF SECULAR SCHOOL BO« 
FOR INDIA. Editedby J. S.Iiaurie,oftheInnerTemiJi, 
nt-Law; formerly H.M. Inspector of Schools, England; Assistant 
CommissiaDer, Ireland ; Special Commissioner, African Settle 
~ >r of Public Instnictien, Ceylon. 

Prospectus. 

le, withiD a couipar^dvely bticf po^, 
contcmpbled plan of a Bpednc and 

iniu leadinc vernaculan cf the Indixii 





^M EXCHANGE TABLES OF STERLING AND INDIAN RUPEE 

^M CURRENCY, UMS A NEW AND EXTENDEi. SYSTEM, embradng Value* 

^^H from One Faitliing to One Hunilred Thousand Pounds, and at rates Jj~~ 

^H grassing, in Sixteenths of a Penny, from it. gd. to 2i. j/. per RQ()ee^ 

^^M Donald Fraser, Accountant to the Bi'itish Indian Steam Navigatiau 

^^1 Limited. Koyal Svo. 

^^M "The calcuialions muEI 



a one which <^ 
<.taiul3rd one in 



6s, CeriiJlill ; &• \^^ PaUniosler Row, London. 




BOOKS FOR THE YOUNG AND FOR LENDING, 
LIBRARIES. 



LAYS OF MANY LANDS. By a Knight Errant, niustrated, CtovraSi 



SEEKING HIS FORTUNE, AND OTHER STORIES. Crown SrirJ 
Four Illustrations. Price jr. 6d. 

CaNrnNTS.— SeekiBB b» FortuBt— Oluf and StephMQff.— What's io a 






SADDY'S PET. By Ure. EUea Boss (Nellie Brook]. 
Svo, uniform willi " I/jst Gip." 6 Illustrations. 
r A pathetic *tory of lawTy life, ^hgwing the tood influcDce of hon 



^ THREE WORKS BY MARTHA FARQUHARSON. 

Ench Story is independent and complete in itself. They are published iu unifoni 
size and price, and are elegantly bound and illustrated. 
I. ELSIE DINSMORE. Crown Svo. y. Sd. 
II. ELSIE'S GIRLHOOD. Crown Svo, 31. &/. 
in. ELSIE'S HOLIDAYS AT ROSELANDS. Crown Svo, 31. I5u 
id widely drcubud. These an the only Enfliah ed 



,dbyt 



inibud. - 

jjtcTBil in Itus Engliili EdiaoD. 

Hesba Stretton, Author of "Little Meg," "Alone i) 



LOST GIP. 

London." S()ua 

■,• A HANDSOMELY BOUND EDITION. WITH TtVELl'E JLLUSTKA- 1 
T/ONS, PRICE HALF-A-CKOHrK. 
"ThorouBhIy ccltiLs the sympatliEes of I JwrnUI. 
"Full of leader wudiu."— AWcm- | —CAunkit. 



X Illustrations. Price ij 



utely toucm 



Patilll.-Failh' 
AT SCHOOL WITH AN OLD DRAGOON, By Stephen 



TWn r KftPait. Cro 



With Six Illustrations. 

LDaptumorFr 
VhoSbuiIheX 
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:d by an old Reund Olilica 
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BOUKS FOR THE YOL'NG, KTC. — OtHliHatd. 

FANTASTIC STORIES. Translated from the Germnn of Bicbi 
Iieander, by Paulina B. Granville. Ctowd Svo. Eigfit (ult.p 




Tbe invuible Kincdonx 
The Knighi wlio Gitw 

Oril^0u«!i who muU noi 
make GmEcrbRad Kui^ 
and dC Ihe King »ha could 
hdI play ibe Jew'a Harp, 

childns. Tb? Uluittslionitalhts vi 



rhc Wishing Ring, 
[be Tline Piin^s 
Heirii of Glass. 



Unlucky Dog and Fort 
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THE AFRICAN CRUISER. A Midshipman' s Adventures on the West 
Coast. A Book for Boys. By S. WlutchaFcX Sadler, A. N. Thru 
Ulustra-tions. Crown Svo, 3J. 6r/» 

A booV of real adventure; nmong ilavers on rhc West CotsE of *fi-if» Ode cbicf 
TTConunaidalion u the lauhfolneu of Ihe local cotoiinni-. 

THE LITTLE WONDER-HORN. By Jean Xngelow. A Second 
Series ol " Stories told to a dald." Fifteen Illustrations. Cloth, mit. 
31. &/. 

"FuUorfrahaiidvleonnB&acr: it is I " Wc tDcc lU the conlenls of Ihe 'LiUlt 

worthy of the aiithor of scone or (be best of | Wondcr-Uom' veiy nudL"— .^/A/wewr- 

I FtUlMaUGuatU. 
Second Edition. 
BRAVE MEN'S FOOTSTEPS. A Book of Example and Aaecaoie for 
Young People. By [lie Editor of " Hen who have Risen.*' ^Vith 
Four Illustmtions. By C. Doyle. y. 6rf. 
" The lilrle Tolnnie ia precisely of Ihe ] "A readable aj 
"11 the favour of those w"- "- 



ling a lift (or a boy, would consult his " No more 1 

urc."— finiff Telrgnpk, \ Dally Qnatlt. 



Third Edition. 

STORIES IN PRECIOUS STONES. By Helen Zimmam. With 

Six Illustrations. Ciown 8vo. 5/, 

'■A pretty little l»oli_which ^ciful I " A series of pretty ulej wMt 

will remindiareaderaVmanyalegind.njid quaint, as befits st 

many an imaginary vimie iitlaehed to the young."— AuO* Ttlt su^ . 
gemEt they are so foad of wearing." — Pni. \ 

Second Edition. 
GUTTA-PERCHA WILLIE, THE WORKING GENIUS, 

Qaoree Uacdonald. With Illustrations by Arthur Hufhes. Oowd 

8vo. 31. bd. 
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as re.id this story throagh fn 
Macdonald will, we are cm 
It that verdict upon bis little 



d5,' Cortihill; &■ la, Paternoster Row^ London, 



PLUCKY FELLOWS. A Book for Boys. By Stephen J. Mac KenHftil 
With Six lllustnitions. Crown 8vo. Price jf. iid. 
"TlMiBOneoriliB vciybest 'Booksrot I ihioughout in a mm] 



mL^^ uJu a?Idv< 



'—SloHllnTd. 
....„^cl as a lAolsomc 



'Thoroughly InLctestuifi 



BHE DESERT PASTOR. JEAN JAROUSSEAU. Translated 
Ihe Freoch ol £ugene Pellstan. By Colonel £. P. De L'Hoi 

In fcap. 8vo, willi an Engraved Frontispiece, Wee jj, dJ. 



queneB : nw Bobleu benuui : impn- 
jus rcligiOD^ pum lovo. ud Ihe 
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r^cflheLoxd '—Illaitrnlcd 




"Tlji^ channinE specimen of Eug^oft 
PtUelaa'i tendet gian, hamour, and high- 
toned tBoaik.-f."—Neics and Qmrics. 

*■ A tsudiijie record of Ihc Atruggk" ' 
the tausc of rclieleua liberty oTa 
man,"— »»/««. 



HE DESERTED SHIP. A Real Siory of llie AtkniTc. By Oupp] 
Sowe, Master Planner, lllustrited by lownle^ Qt^en. Crown " 

"Curimii «dv«iiin« wiih hears, sals, I liBteoal wiih which the story deal 



POITV TOITY, THE GOOD LITTLE FELLOW. ByCliftrlaa 
Camdea. lllusuated. Crown Svo. 3J. dJ. 

" VminK folio may gather a fiood dial o( I a diatmlng Utile tell™ who meddlsaliirsys 
in ID ■miuint lad auncUve iiytii."— 1 artMniud hdpt iliem m do ci^t. There 
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65, Cornhlll ; d» ii, Paiffmoster How, Lendm, 



LYRICS OF LOVE FROM SHAKESPEARE TO TENNYSON. 
.Selected and arranged by W. Davenport Adams. Tcap, Bvo, price 
31. 6./. „ 



WILLIAM CULLEN BRYANT'S POEMS. Red-Une Edition. Hand- 
somely bound. With Illustrations and Portrait of the Author. Price Js. fisi. 
A Cheaper Edition is also published. Price 31. 6rf. 
Tiist anr iHi miy cemfliU Entliih Edi/imi mtclinanl by Ihi A ulksr. 
ENGLISH SONNETS. CoUected and Arranged by John Bennis. 

Small cto\vn 8i*o. Elegantly bound, price 31. f>d. 
HOME-SONGS FOR QUIET HOURS. By die B«v. Ofmoa B. H. 
Baynea, Kdilor of " English Lyrics" and "Lyra Anglicana." 
IlanJsomely printed and bound, price 3J. 6d. 
THE DISCIPLES. AITewPoem. By Harriet Eleanor Harmlfcon 
King. Crown 8vo. 71. 60'. 

The presul walk was caramaiced at I Icacher. ThE aulbor CBJoyid the privilege 
... .._ r .L. __ _■;__ .r .._._. ..-^ rriendiiup. and l*"e firal pan 



rtSrinii^d , 



SONOS FOR MUSIC. By Four Friends. Sqaare ci 



tiSvo. 



Regin.Tld A. Catty. Stephen H, Gatly. 

GrevilleJ. Chesler. J. H. E. 

THE POETICAL AND PROSE WORKS OF ROBERT BU- 
CHANAN. A Collected Edition, in 5 Vols. 
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Vol. I. __ConL'irM,— " BallBd. and 1 
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"T™!!,— '■ BallJidi .ind Potms of Ufc 


" I of Otin;" "PolilicaiMyiiid" ' 
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HABCIBBUB AND OTHBR FOEIMS. 




Ilv- B, Cnipecter. Small crown 8vu. 
Price sr. 
A TALE or THE EBA. SONMBTB, 


of reli'giou". f«li^™r"n=n^f™ t^M^. 






COSMOS, A Poem. Small crown 8™. 




Sir pjecT,- Nature in Ihe Pasland in [he 


IMITATIONS FKOM THB! GERMAN 


Presem.-Man in ^ taa -nd in Ihe Pre- 


OF aPITTA AMD aESBTBaKH. 


s=M.-Th! Future. 


By Iiad; Durasd. Crown 3vi>. 41. 




" An accepBblc addilioo to the religions 


■ViaNBlTTKa m KHTIII!. Collecl=d 


poelry of d>e day,--C™™«r. ^ 


Verses. ByAuaOn Dobson. CrownSvo. 






'^^foREE^^D^^rafpoir" 


A CollectiMi of Vers de Sdcictif. for the 


AND OTHER POEMS. By R. B. 


most part csatribulcd lo various magazines. 


BoBweU, M.A. Oion. Crown Si-o. 
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Flotsnoe UaoOaTUiy. loi. 

Thcsa trnmlalioiis have never before 
been puhtUheA The " Purgatory pf St 
Palriii " is a now venLon, with new and 
elaborate hisIoricaL nolei. 

sonas ros sailobs. Bv st. w o 

BBBOatt Dedicated hy SpodaL Rcn,ie5l 
to H. R. H. the Duke of Edinbi.rgh. 

An Edition in lUustniKd paper Covers. 
AND OTHER POKMB. 



" Preniant &oni bairminff lo end with 
g{Qalive power."— C*ntf^ «™iii&. 
XSX QAIiliEBY OF fiaHOHB, 
■ a«. Crown Bvo. ii. id. 
eit hbotlDdidg 




PoETity — coHliftiai. 
& ixEW voiiTTKBi or aomrsTS. By I EioNSB aw •jrm 



I 



injBOB Tuni«[. Crow 



and ofrax subde m tlioiight,"— 

"T^doinliiaatclmrmafaJItt 

u the perrAilLns pnaencc cT I: 

^palpably'diSiucd. Thel^hlr 
cenUe, and kiiuily a«tk. ' ' 
™™rfllf»iicy,ii'- — ■— "■ 

■8 FAUST, A New TranslaliQn 
^ By die Bev. O. KegBQ Fanl, 



inteUigence irr 



s the n 






a Engluh 



interprcler." — Staturday Reztiew, 
HS DBSAJl ADD THE DBBD. ADD 
OTHOB POBMa By F>(t!b1c Boott, 
Anlhot of " Foolpalhi between Two 
Worlds," etc Fran. «vo, cloih, 51, 

and foIHa of Ihc day, LlWrary, loeia^j and 
politicaL'— J"('Du*nrf 

" Shows real jipetic powtr coupled wUli 
evidences of latuical energy. "—^dtH^^A 



TWO GIRLS, liy Frederick 



■ "Tbese poenu will ssBoredly Eake iuA 
laok amoDe the cLaB to which Ibcyhdoaf* 
— British Quartta^Rtvim.AprU III. 



"No evmct* could do jotcice id ihe 
Exquiate tDdB, the fdichouv [duasiiif njid 
delicately Brought harmoaiet of smie dT 
thue paevu.' — JV^UKW^nwM, Afiuii 

"Jt has purity and ddiocT of bdin* 

lilie morning air.''— Cr^^*K,*a™ll6it 

THS LBOBMDB 09 ST. PATIBtCK 

AHS OTHKB FOBHS. BT AnlVM 

<teVsrs. CniwnEvo. sf- 

" Mr. De Vcre'B vervAcadon in Idb 
earlier poems ia characterised f}y gieat 

ilia instnimcnt, and rarely offeqds the ear 
wilh falu notB. Poems such aa thne 
scarcelyadmil of quocUian, for their Aann 
!£ not. and inightDDtliabe,fDiuidini*d]ited 
puBagea ; but we can prceudc Ibe paiieni 
and itioughtfid reader much pleaWRiti (he 
perusal of Ihis volume." — P^ii MaU 




MR. CARINGTON. A T4 

Love and Conspirncy. By S 
Turner Cotton. Ia %\ 

CloIh, ( " ■ 



LADY MORETOUN'S DAUGH- 
TER. By Mrs. Ziloart. In 

3 vols. Cronii Svo, dotli. 



^5, CernhiU; ^ la, Paltrnoster Rtm, Loniioft. 



HEATHERGATE, In 2 vols. Cr. 
Svti, clolh. A ytury of Scollish 
Life ajid Ch:iracter by a new Author. 

THE QUEEN'S SHILLING. By 
Captaia Arthur Qriffitha, 

AuHiijr of " Peccavi." a toIs. 



'-'The QucBn'i Shiinnz' is a c 
siory. (at more intoulino thaa the ni 
ikeuk we haye siren offiie ro"""« . 
h«o and hcrDme c 



goat Everyto 
L>f ihe hoQk ar 



MIRANDA. A Midsummer Madness. 
iij Uortimer OoUins. 3 vols. 
" There n nol a dull page ia the whulc 
Ihtm; volpmes,"— SlrtMrfanT 

-' The WQck of a man who b at once a 
ihiDkec and a poet."— ^sur. 

SQUIRE SILCHESTER'S 
WHIM. ByHortiinerQoUiiu, 

Author of "Marquis and Mer- 
chant," "The Princess Clarice," 
Crown Svo. 3 vols. 
. .Vc Ihint il ihe best (Morjl Mr. Collins 

[iBu yet wiilten. Full of incldem and 
■" - Ivenuire."— /W; Mtil Gaatti. 
•'DeddedlrihehoHi 



PRINCESS CLARICE. 
A Slory of 1871. By Uortiiner 
CollilLB. 2 vols. Crown Svu. 

rlluu ba& ptoduccd a readable 



"VcTY Tea<UbLc and amuBinff. Wa 
vould eroecially e'vo on henouialile inen- 
fion.lo Mr. CoUiV. -rcrrA mitU.' the 

'-Alniehl, Irbh, and mginld bodk."— 

HAT 'TIS TO LOVE. By the 

Author of " Flow Adoir," " The 
Value of Foslcrslown." 3 vols. 



REGINALD BRAMBLE, ACj6 

vf the 19tli Century. An J 
biography. One Volume. 



tinn or the tuppcwed dinmieh . 
iiresemtien r^ hU oiand chanster, 

EFFIE'S GAME; How 

AND HOW SHE WoN. By Ce< 

ClaTton. a vols. 



^ 




BRESSANT. A Roe 
Juli&n Hawthor&a. 

Ciown Svo. 



efi/antl 



lane fehare of his father's pecailar geni 

■PallMall GsiitU. 

" Enough to nuke uthopefullbat«ti 



BtklQi by one who bearA Ibc hoponted 
lumt of tlawthorae."-- Ja'Hi^^ Repicw, 

HONOR BLAKE : The Storv of 
A Plain Woman. By Mrs. 
Kaktin^, Author of "English 
Homes in India," to. 2 vols. 
Crmvn Svo. 
"Onq of the bcti iwvels ire hate met 



" A Hory which nam da vooi 
oungandold.whoreadit"— 2)h; 



• i/)tN/w. 
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FrCTWN— foHri««rf. 



OFFTHESKELLIGS. By Jean 
Xngelow. (Her First Romance.) 
Crown Syq, In 4 vols. 

increasing iqierBC, ^p^g ^mosl to the 
point of wiaJung Lhcra waA a Mlh," — 



SEETA. By Colonel Meadows 
Taylor, Author of "Tan," 
■' Ralph Darnell," &c. Crown 
3to. 3 vols. 

adniirahly described, and The pelty intrigLies 
□T nativE ralcn, and their haired of tbe 
English, mingled with fesr lest the btler 
ahautd eventuatly Drove the victors, are 
dcrvetly depicted. "- 

Mesdinnl^ylu? 

. ajliot Dpi 

"llHiroiighly I 

HESTER MORLEY'S PRO- 
MISE. By Heslia Btrettou. 

" 'Hester Morley's Promiw' is oiiich 
better than the averaee novel of the day - 



though all i^e diK- 



wlughly ofColooe: 
ujliot oppoituni^." — J^i/An BadL 



' 'la charm lies no 



THE DOCTOR'S DILEMMA. 
By Heaba Strettou, Anthor ol 
"Little Mee," &c., &C. Crown 
Svo, 3 vols. 



THE ROMANTIC ANNAL-ff 
A NAVAL FAMILY. Bylfii'. 
Arthur Traherna. Ciowd Svo. 



—UhU°7s°7 



'Ja^tU. Jnn 



ithers. several front the late 
rose Yiuuim IV.'-J/retuw-. 

"Wellsnd pleainnlljr told. Then ue 
bIsu some capitnl descriptioBS of Englijh 
CDUntty life in the lafl centuiy. presendag 

ducdoD of nblwnys, and the bisy lif^ ac 
eompanying them.''— ftvwiA^^AtrHAin^ 

JOHANNES OLAP. By B. de 
"Wille, Translated by F.B.Bun- 
nett. Crown Svo. 3 vols. 
" The art of description is fcUy eihilatBd ; 
dclionting it are obvinus : wh^theie is 

THE SPINSTERS OF 
BLATCHINGTON. Bylfcr. 

Travera. 2 vols. Crown Svo. 

"A pretty SI WJ. Deserving of a (avour- 

A GOOD MATCH. By Amelia 
Perrier, Author of "Mca Culpa." 



*' Agreeably written," — Pititit OJmiem. 

THOMASINA. By the Author of 
"Dorothy," " Dc Ctessy," etc, 
2 vols. Crown Svo. 
" A finished and dedicate eaUnvt^turr, 
no Ibie is without its surpoic, but all eea- 
tribute to the UDity uf the vntk."~At»t- 



"This undeniably pies 
PaUMallCetMt. 
VANESSA. By the Aul 
" Thomasina." 3 vols. 



65, Cornkill ; &• \2, Paieriioitor Row^ London. 
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IKw^ir Pamthed by Baoy S. King 6- Co., 



Fiction— fl>«ft<««>/. 



THE STORY OF SIR ED- 
WARD'S WIFE. ByHamil- 
ton UarsliaU, Author of " For 
Very Life." i vol. Crown Svo. 
"A quiei grateful lillJo aacf'—Sfec- 

. . . Mr. Uamilian Marshall can lell a 
floiy ctoadr and plEUanUy." — PaUMait 

UKED 

" ' Lii>k«] at La£t ' contalnt so much of 

"A vtiy chanDLD£ itory." — J An 



MEMOIRS OF MRS. L^TITIA 
BOOTHBY. By ■WiUiain 
Clark BuseeU, Author of "The 
. Book of Authors," Crcnvn Svo. 




GINX'S BABY; His Birth / 

OTHER Misfortunes. By Ed-l 
ward JeTikine. Grown Svo.! 
Price w. 

Foiinccnih Thouand. 
LITTLE HODGE. A Chrislmas 
Country Carol. By Edward Jen- 
kins, Author of " Ginit's Baby," ' 
&c. Illustrated. Crown Svo. ~ 
A Cheap Edition hi p^^wr fxtw%, pi 
"WiH and honioroo^ but ] 



"The I 






ji Ed;ti( 



LORD BANTAM. By Edward J 
Jenkins, Author of " Ginx's 
Baby." Crown Svo. Price zj. 

LUCHMEE AND DILLOO. A 

Slory o( West Indian Life. 

Edward Jenkins, Author of 
"Gint's Baby," "Little Hodge," 
S:c. Two vols. Demy Svo. illus- 
trated. [Pre/mriiis- 
HER TITLE OF HONOUR. By 
Holme IiCe. Second Editioi 
I vol. Crown Bvo. 
■' with ihe inTere«l of ■ naihelic *ionr b • 

ua;ied Ihe .alue of a defiiiile and hich | 

purpoBO." — Sfiecitt tar. 

Litira'y Clairdmian. 
THE TASMANIAN LILY. By | 
James Bonwick. Crown Svo. f 
Illustialed, Trice 51. 
" The cbvHctcn of Ihe ttOTT arc ca] 
CDiiceived, and an full of those V. 
uhidi K^ve Ihem a natoial appcaran 

"An interesting aad nrtcfut wo 

MIKE HOWE, THE BUSH- 
RANGER OF VAN DIE- 
MEN'S LAND. Hy James 
Bonwick, Author of "TheT 
mnnion Lily." &c. Crown I 
Wiih n Frontispiece, 



65, Ccnihilt ; &■ tz, Paternoster Row, London. 



Fiction — ttatintied. 



SEPTIMIUS. A RomancB, 
lly Nathaniel Hawthorne, 
AuOior of "The Soflet Letle 
" Transformation," Sic l 
Crown 6to, clotli, extra gilL 






■Ra ,. ., 

full of Hawlhnrae'i ma 

"One af the but 
tharne's wtiting ; evdi 
with his Jioculiarview 



\e book li 






™gb..«. 



PANDUHANG HARI; or, 

Mkmoirs of a Hindoo. A Tale 
of Mahiatia Life sixty years ago. 
With a Preface, by Bir H. Bartle 
E. Frere, a.C.S.I., &c. 2 vols. 
CioviTi Kvo. Price au. 



"Then 



r df [he I 






d'AIIaracbe 

not tD Ik dismayed at the letiRth of Pudu- 
Tiu« H«i, but 10 read it resnlulely Ihrpugh. 

MADEMOISELLE JOSE- 
PHINE'S FRIDAYS, and 

other Slocies. By Hies JB.. 
Betham Sdw&rda, Author of 
"Kitty," &c. {Shorify. 



cijon oT M 



idioJ li 



Second Editioii. 
HERMANN AGHA. An Eatttni 
Narrative, ily W. Oiffbrd Pll- 
giave, Author of " Travels in 
Central Atnliia," fit 2 wis. 
Crown Svo, cloDi, extn ^IL Hi. 
"Keadg likes Ble oTliJ 






:tf« 



it for 



dnn^ same in tbu day ior i 
■flplnr. " — A tAtmmm^ 

• • TliBn itapoidiive fnfiiaDcc u oTiicwtf - 
mam hay about it, aa compared vilh Iht 
BTtiEciaUy pcrfunKd pasGioiu Hhkh bfc 
(lelailed U us VLth £iicb guilo by our 
unlinary novcl-wriiera in Iheii tndkai 



MARGARET AND ELIZA- 
BETH, A Story of the Sea, By 
Ka,tlieriiie Saundera, Antliot 

of "GLi!eon*s Roek,"fi[c. In I ToL 
Cloth, crown Svo. 

GIDEONS ROCK, ami other 
Stories. Ity Kattaeilne Saun- 
dera. In one vol. Crown Svo. 



JOAN MERRYWEATHER, anJ 
(ilher Sloiies, By Ealixeriile 
BaunderB. In one vol. Crown 
Svo. 

CiisTEHTa,— Tho Haiuittd Ciihl— ' 
Fbwct-GirL— J"" Mnryiwr' - ■ ' 
Watchuuiii'4 Suuy.~Aa Ukl U 



A New and Cheaper Edition, in l vol. each, IDustraleti, ^vicebl^ of 
COL. MEADOWS TAYLOR'S INDIAN TALES is prcptiring for pub- 
lication. The First Volume will be "The Confessions of a Thug. " md | 
will be published in December, to be followed by "Tara," 
Darnell," " Tippoo Sultan." 

65, Coriihiil I and 12, Palernnster Raw^ Landm. 



THEOLOGICAL. 



STUDIES IN MODERN PROBLEMS. A Scries of Easaj-s by va 
Wrilets. Edited by the Bev, Orby Shipley, M.A. 

This project secure? Ilic aupcrviidon of .1 boiall Dumber of Ckrgy ai^d LoiCy fon 



h\e lyps, era 
■syortml. 



vs^ ti Numbets Kdt pc 



PROPOSED SUBJECTS AND AUTHORS. 



KBTSEATa FDH PEE BON B UVINQ 

f, T. CAHrKH, M.A. 
ABOLITION 07 TTTT" ARTIOIAS. 

Nicholas Pococa, M.A. 
CKBATIONANSMODXBH &0IS1NOE1. 



THB aAMOTITT O 



:, M.A. CATEOIiIGIBM AND PBOaKSSS. 
MISSIONS. J. Euwarh Vaui. M.A. | Ed.miiho G. Woun, M 

CATBOIiIC AND FROXHSTANT. 

EU»ASD L. Bl,F.NKlN50l>F. ^ 

UNTIL THE DAY DAWN. Four Advent Lectures delivered in the Epis- 
cop-Tl Chapel, Miivcrlon, Wru'wiclisiiire, on the Sunday evening during 

» Advent, 1870. By the Bev. XEarmaduke E. Browne. Crown Svo. 
SCOTCH COMMUNION SUNDAY. To H-hid. are added Certain 
Discourses from a Univer^ily City. EiyA.E.H.B., Avvthor of "The 
Kecrcations of a Country Parson." Cro«ii Svo. Price 5J. 
CHURCH THOUGHT AND CHURCH WORK. Edited by the Bev. 

CLas. Anderson, K. A., Editor of "Words and Works in a [..ondon | 
P.iri^h." Demy Svo. Tp. 250. Is. (td, Contaioing Articles by the Rev. 
1. Li.. D.wii^s, J. M. Capes, Harry Jones, Brooke LiMflEtT, .4, J. 
Ross, Professor Cue£;tham, ilie Editor, and others. 



t 



EVERY DAY A PORTION: Adapted from the Bible and the Prayer Book, 
for the Private Devotions of those living in Widowhood. Collected and 
Editod by the Iikdy Mary Vyner. Square crown Svo, printed on % 
paper, eleganLly bouod. 

" Now the ihil iin widow iniluil, and deaolAte, truiteth inGed." 



65, CornhiU ; &* la, Faternester Row, London. 



Theouigical— 



THE YOUNG LIFE EQUIPPING ITSELF FOR GOD'S SER- 
VICE, Being Four Sermons Preached berore the University of Catti- 
bridge in November, 1871. By the Rev. C. J. Taughftii, D.D., 
Master of the Temple. Crown 8vo. Price 31. 6rf. 

"Has »U Iht wrilcr's charldcriHics | everything else tlial he wiiles.'— £i"- 

"AsnnicslTcli^ict.l.Muls'ltbMHlas | Oai.tj."~-MaKclu'ilrr£iaatiii,T. 
A NEW VOLUME OF ACADEMIA _ ESSAYS. Edited by the 
ICoBt HsTeTend Archbisliop Manning'. Demy. 

CONTEiiTS :— The Philoanphv of Chiis- I ChriiUjuul)' ID retalioa to Socieiy.— The 
tiacitf..* Myatica] EEcmenls of Religion. — I Rdiviaiu Canditiaa ar Gernunv. — The 
Controversy with the A^ncHliat— A Rea.- 

Bool5-Mr. iSillon Liberty of tlie'riea— 

WHY AM I A CHRISTIAN? By ViBcount Stratford de BedcUffe, 
P.O., K.a., G.C.B. Crown Svo. 31. Third Edition. 

THEOLOGY AND MORALITY. Being Essays by the Bev. J. Lle-weUyn 
Davies. i vol. Svo. Price jj. (id. 

Euayt aa QatSdoBi of BdicJ' and Practice—The DebU dF ThcologS' <0 Secular InBu - 
eneei— The Chrisian Theory of Dutj.— Weak Poinia ia Urilitarlmiim.— NHurt will 
Prayer.— The Coniinuity of CrearioB.— The BeoinninKS of the Church.— Eiajtus .nil 
■" - .•-.■. -Pauperism as pn^udeil by Wealth.— Comhinationi of Aericullutil 



Laboui 



■or* re 



THE RECONCILIATION OF RELIGION AND SCIENCE. 
Being Essays by the Bev. T. W. Fowle, M.A. i vol., Svo. icu. W. 

The Divine Character pfChriiL—Sdenceand Immortalily.— Monlitrapd ImmorllJilr- 
— Christianity and Iminorlaliiy.— RellBion anJ Fact—The Hincfrs of God- The 

ThTi'iipLtionDfthe H?h".-TheD?'Jl^ty oft!hS«a°d ModeiS^hS^t-Tba tSS^ 






worthy of a thoughtful 



HYMNS AND VERSES, Original and Translated. 

Henr7 Sownton. StniUl crown Svo, 31. id. 

'■It iaa raregift mdveiy pr™™*. "^ I are worthy of ill pnuH. 

weheartilycommend this, iH fruits, 10 the CAurciman. 

pinus in aU denominaoonj." — C*b«* | - WiU, we do nol doubt, be »d 

jieiorccana oeauty caarac- I tney nav^ h^" -"mn™*^" 

HinieortheseverHS,"— H'o/cAMflO. ha>4 bee 

[f. Downion'. ' Hytnns and Verjies ' I /feraid. 



By the Xtev. 



origuially BjdrwspiL "- 



1 



65, Cornkill; &• la, Paternoster Jio7t<, £mife/:. 



Til EOLOG ICAI/— cffnliniicd. 

MISSIONARY ENTERPRISE IN THE EAST. By the BavJ 
Bichaid CollinB. lUuatrated. Crown Sto. 6i. 



mdable nnd 



ar—Miuiiin Lj/i. 



THE ETERNAL LIFE. Being Fourteen Sermons. 
Noble Bennie, BI.A. Crown Sro. 6s, 

"WerecDmniEndlhescscnnonsiiswhsk- I "Thewhvlev^uE 



word."~7oi« BuU. 

By Lhe Bev. Jas. 

nmlclewklima 
-Jo/ui Bun. 



THE REALM OF TRUTH. By DtisB E. T. Carne. 



rssdv 1 



. , "A angubrlf calm, thmigtiriul. and I 

KphilufiDphJcal inquiry inlD whai Tniih is^ 
" It KtU (£ «rtt/ what il does not "like 

LIFE: Conferences delivered at Toulouse. 
Croii-n 8vo, 6j. 

he wDl find lEtre words which will an=H 

K mere of the Kadungi d( Ihit worthy fal- 

^B lowar of the sainily St. Dominick."— 

Founh Edit 

THOUGHTS FOR THE TIMES. B 

" Author of Music and Morals," etc 

" Eurri mat^ of inuch otigiiality rf | 



nt Truth is lomeihi 



r Jittle^ dotnus. lu 



ly the Bev. P6re Iiacordaire. 

■■The book 



plcd^Ky'?hK 



'■Mr. Ha» 



\llGaitUi 



only fe=> 



" The di&counea are ^mpTe. DamnU, a] 
unaHiictedlj elaqueiu.''— />ii^k: tVwu- 



—Saturday Rmitxo. 



t 



Second Edition. 
CATHOLICISM AND THE VATICAN. Wilh a Narrative of the 01^ 
Catholic Congress at Munich, By J. Lowry WllittlB, A.H., 
Coll., Dublin. Crown 8vo. 41. &/. 

■- We moy cordially TecDBuqrnd bit book I Old Calhdic moveuienl.'-in 



65, Cornhill : &• \x, Paieraosler Sow, London. 



T H EOLOC IC AL — contirolid. 
Stcand ErJUion. 

SCRIPTURE LANDS IN CONNECTION WITH THEIR HIS- 
TORY. By G. S. Sraw, H.A., Vicar of Trinily, Lambeth, Anlior 
of " Reasons of Fahh." Bevelled boards, Svo. Price loj. hd. 

" Mr. Drew ha& invcnUd a now metliod aaition from Abraham dawTkWQ/df, wilh 
of iUuEtiBtiue Scriplurt hiitory — from .^iDccin] rafertncc lo the varimu iu>tiih m 
observBtioD of the couDlriea. InAcad pf 
noFTBUDg Ella tnLveK and refbmntf from 
time to time to the facts of lacred hifitory 
bcloD^ng to irfb difTertnt counttics, lie 



which the geography ilivKrflte <hc hif- 



)wn nua±"—Sali,rJay Snim. 

Second Editlon- 
NAZARETH : ITS LIFE AND LESSONS. By fhc Bov. G. S. 

Drew, Vicar of Trinity, Lambeth. Second Edition, In small Svo, cloth. 51. 



THE DIVINE KINGDOM ON EARTH AS 
HEAVEN. By the Kev. G. S. Drew, Auilior of 
life and Lessons." In demy Svo, bound in cioth. Price 

"Thmehtfiil and eloquent. ... Full [ ThoteL 

-r ..-_'_-, -^ipiiiovQijjD^hly cifpresBcd." whom theauIharsfaipAailldnJHi 

-"^^ ■r™'™. ' ' -■• — "'— ' — 



•• Entirefy yaluahJe aad : 



— Littrctry Cfumfnaax. 



IS IN 

unielh: ifil I 

nnotated bf J 



. Lists «hJ/h!1 



WORKS OF THE LATE REV. F. W. ROBERTSON. 



SIX PRIVY COUNCIL JUDGMENTS — 1850-1873. Annotated I 

W, G. Brooke. K.A., Barrister-at-Law. Crown Svo. 91. 
THE MOST COMPLETi; HYMN EOOK PUBLISHED. 
HYMNS FOR THE CHURCH AND HOME. Selected and EdHed by 

IfheBsT. W. T'lemingStevenHOii, Antlioiaf "Praying and Working." 
The HyiBfioak ciniiiili ef Tkr/t ParU :—X. For Fiililic Woiship.— n. For Family 
and Private Wonhip.— III. For Children: and couiains Biographlcil Notiqp of ntailj 
300 Hymo-wnlera, with Notes upon their Hynuu. 
'.* Puiluhtd in variBU' JmHi (a\d friai, Iht latUr ratiging /rot. 
ffsrlUulnysivUthtfurauhcdaK.aJ'^ialuiniiiikt , 
e: 
: 



SERMONS. 

n Svo. Price Jt. W. 

Ti 8vo. Price 3J. M. 

■n Bvo. Price 3J. dd. 

a Svo. Price 3/. 6rf. 
EXPOSITORY LECTURES ON ST. PAUL'S EPISTLJ 
THE CORINTHIANS. Small crown Svo. %s. 



L L Small CI 

n. Small CI 

in. Small cj 

IV. Small CI 



S ON. ] 
ilAM." a 



65, Cornhiil; 



, Paternoster Sow, I^ndon. 



Works Published by Henry S. King &• Co., 



Works of tjie late Rev. F. W. Rorertson— ™»/;Bf«r/. 

HTHE EDUCATION OF THE HUMAN RACE. Tninslaled from H 
i^rman of Qotthold Ephraim IiesBinf . Fcap. Svo. 3i. 6ii~ 
'lectures and addresses, with other LITERARIj 
REMAINS. By the Inte Rev. Fredk, W. Bobertsoo. A Nwl 
Edition, induiling a Convspontlcnce with Ln^lv' llitDti. With lotrodnctiM 
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